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Scintillation Counting Today (page 13) 





Hotpoint checks 
hermetic seals on moving 
production line 


Consolidated Leak Detector Comptely ponte in it 


, castor equipped 
cabinet the Consolidated 
>} 94 > > 
Checking refrigeration systems for leaks at the Model 24-101A Leak De- 
tector is an accurate, practi- 

rate of 100 units per hour 1 routine Hotpoint a i watt ai 
' cal tool for locating leaks 

production line procedure The units are evacu- 
wherever vacuum or pressure 
“ ’ yp tely SO micron ile 1 

ated to approximate ons, sealed and is used in factory, shop ot 
passed under a helium hood. Any eak, even in Write for Bulletin 


the micron range, draws a mixture of helium ; 1I801IB-——-X19 
and air into the systen ill moving, the evacu 
ated units are checked with ; ynsolidated mass 
spectrometer-type leak detector. The slightest 
trace of helium unds an audible alarm and 
the faulty unit is pulled off the line. These mo 


bile, highly sensitive leak det rs are adapta- 
ble to a wide range of operations for production 


line control of both vacuum and pressure systems 


Consolidated Engineering 
CORPORATION 
300 North Sierra Madre Villa, Pasadena 15, California 
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__.- NEW. RIDL_ INSTRUMENTS... 





1. The Completely Versatile Scaler 
Designed for the Future 
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FOR BINARY COUNTING © ~ FOR DECIMAL COUNTING 
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eeecee “5: eececee Permits Binary or Decimal counting by 
interchangeable RIDL plug in units. 
® Designed to be used for all types of 
counting ... Geiger... Proportional ... 
Scintillation. 
® Your choice of resolving times: 1, 2 or 5 
mi ro seconds. 
d Integral direct coupled non-overload 
linear amplifier. 
@ Built-in mercury pulse generator for 
calibration. 
® [Incorporates modified Higginbotham 
High Voltage Supply with exceptional long 
term stability. 
Regulated to less than .002' for 1°, 

Here's the ULTIMATE in VERSATILITY change in line voltage. 


Choice of 3 ranges: 500 to 1500 V. 500 to 


2500 V. 500 to 35000 V. 


MN rile for con ple le lechnical de fails. 


r—*RADIATION INSTRUMENT 


GAMIAA INDU 2337 WEST 67th STREET =< > 


GAMMA INDUSTRIES 
Baton Rouge, la Phone: GRovehill 6-4142 


Ne 
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| ...... AVAILABLE TODAY ....... 


2. The First Completely Automatic 
Scintillation Spectrometer 


Once the system is sel into operation t AUTOMATICALLY 
sweeps belween ANY two predetermined levels within tls 
range of zero lo 100 volts. It then resets and repeats the evele. 


® RIDL model 2300 series equipment consists 
of: Top, Model 118 Electronic Sweep and 
Count Rate Computer; Middle, Model 115 
Pulse Height Analyzer; Bottom, Model 80 
High Voltage Supply; Model 43 Scintillation 
Counter; Brown Electronik Recorder. Each 





unit available separately or as a complete 

















system. 
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SPECTROGRAM COBALT” AUTOMATIC 
SCINTILLATION SPECTROMETER 
@\iay be used with the RIDL AUTOMATIC ® Channel level and counting rate may be tnslantly 
SAMPLE CHANGER that changes samples when read off 4! 5 inch panel meters located on the ELEC- 
the sweep ¢ ircuit resets. TRONIC SW KEP AND Col NT RATE CONM- 
PLTER. 


@ kKach of the components may be operated 
separalely. Truly a versatile instrument for your 


operation, @ Write for complete descriptive literature. 


DEVELOPMENT LABORATORY :——» 


Sales Representative 


-* ¢ CHICAGO 36, ILLINOIS PROFESSIONAL EQUIPMENT CO. 


New Haven, Conn 


Cable: RADILAB Branch Office: 149 Broadway, New York City 
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HOW TO KICK OFF A ROCKET 
in the right direction 








Load! Aim! Launeh! And off t rocket from shipboard but not 
without precise devices t t start the rocket in the right direction 


has manufactured for th 


Devices such as | 
Armed Forces since 1915 wv from the vast engineering and pro 
duction facilities of the ra sth went Company come thi 
] 
il 


mechanical, hydraulic magnetic and electronic 


instruments that brir \ ! ynorrows” today. Control probl Wis 








of both Industry and the ilita rd specialties 





14 
seeursatet eaten, @ FORD INSTRUMENT COMPANY 
engineers a challenge. If you can qualify, there may be 


a spot for you in automatic contro! development at Ford FORD DIVISION OF THE SPERRY CORPORATION 


Write for brochure about products or job opportunities 
State your preference 31-10 Thomson Avenue, Long Island City 1, N. Y. 
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3 new wire wound resistors 





IRC’s new power wire wounds are lower cost 
per watt than any other power type. 





At 4, 7 and 10 watts, they offer savings of 4 WATT 
several cents each in any application Type PW-4 allows safe operation 
os ‘ with hot-spot temperatures up to 
requiring compact, low cost, efficient power 165°C. Fully insulated housing will 


not burn or support combustion. 


resistors. Types PW-4,. PW-7 and PW-10 
resistors assure safe operation in circuits 
where stability and low wattage 


dissipation are needed. 






























































250 1 i 
TEMPERATURE Pa 7 WATT 
RISE VS. LOAD 
200 | = Types PW-7 and PW-10 allow 
3 safe operation with hot-spot tem- 
U ee | peratures up to 275°C. 
ca 
2 150 -— 
® | 
2 | 
2 | 
o 100 | 
= 
® | 
— | 
| 
50 } 
| 
UNUSUAL DESIGN AND ASSEMBLY 
0 TECHNIQUE PROVIDES LOWER 
0 20 40 60 80 100 COUr an: eeey. 


Percent of Rated Load SEND COUPON FOR DATA BULLETINS 


INTERNATIONAL RESISTANCE CO. 
AI9AN. Broad Street, Philadelphia 8, Pa. 
In Canada: International Resistance Co, Ud 
Toronto, Licensee 
Please send [ | Bulletin P-1 on PW-4 Resistors 
[] Bulletin P-2 on PW-7 and PW-10 


Voltmeter Multipliers * Boron & 
Deposited Carbon Precistors « 
insulated Composition Resistors « 
Power Resistors « Volume Controls 
« Low Wattage Wire Wounds « 














Resistors. 
Name 
Precision Wire Wounds « Ultra HF Title 
and Hi-Voltage Resistors « Selen- 
ium Rectifiers * Insulated Chokes Company 
« Hermetic Sealing Terminals « ‘itis 
City State 
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Cut Costs...Boost Efficiency...with Stokes High Vacuum Pumps 


At left is the new Model G Stokes High 
Vacuum Pump. Basically, and in outward 
oppecrance, the new model is the same 
simple, efficient, compact and reliable 
unit as its widely used predecessor, 
Model F. Five major engineering improve 
ments are incorporated in the new model: 
1) a new mechanical face-seal minimizes 
routine maintenance and reduces to a 
minimum the possibility of oil leakage 
at the shaft; 2) new exhaust valve-stops 
permit use of these pumps in an excep 
tionally broad range of applications, in 
ng rapid cycling evacuation of large 
systems; 3) a new intake screen 
prevents damage by dirt, scale 

other s d sometimes present in 

m; 4) a new oil filter in the line 

» the shaft seal afford pecial protec 
1 to the bearings at these points; 5) a 
new solenoid valve in the oil supply line 
automatically prevents oil-flooding of 


the pump in the event of power failure 


The operating principles of the Stokes 
High Vacuum Pump are simple. Rotation 
of the Stokes Pump is indicated in cross 
section view at left: Air enters the in 
space at right of piston, while 
jecreasing space at 

mpressed. As piston 

oke, pressure of the 

s the feather-type dis 

ft atmospheric pres 

rced ut of the 

€ through its 

5 1 port is momen 

losed by piston. Air then present 


nder is trapped, a new cycle begin 


ed brochure on Stokes 
now available 


explains, and 


aboratory in Philadelphia, Penna 


new Stokes Vacuum Calculator for 


alculati 


face 


data 


ndbook ‘‘How 
Pump Bulletin 
valuable sug 
starting 

1 helpful 

m pumps 


ystems. 


STOKES MAKES: High Va 


6 


Simplicity and sturdy construction, accessibility, 
high volumetric efficiency, low power 
consumption, and effective cooling are distinctive 


features of Stokes High Vacuum Pumps. 


Better blank-off pressures and quieter operation are 
assured with a completely new, longer lasting 
exhaust valve assembly. Intake ports are open during 


the entire intake cycle; there is no slide-valve shut-off. 


Lubrication is completely automatic. There are 

no oil shut-off valves and adjustments. Horizontal 
vacuum intake permits trapping of harmful dirt 

and scale. Vacuum-tight rotary seals eliminate the need 
for shaft packing and constant adjustment. Easy 
access is provided to the valve assembly 


and other parts requiring periodic examination. 


Stokes High Vacuum Pumps are available in capacities 
from 15 to 500 cfm. Where necessary, oil purification 
units to assure continuous supply of clean, 


water-free oil can also be furnished. 


Wherever hard, continuous service is required to 
meet today’s exacting high vacuum requirements, Stokes 


High Vacuum Pumps prove a profitable investment. 


Consult with Stokes on the application of high vacuum 
to vacuum melting, casting, sintering, heat-treating, 
and degassing; to vacuum metallizing, 

gaseous diffusion, emission equipment and to other 


purposes for which vacuum deserves study 


F. J. Srokes MACHINE COMPANY 


PHILADELPHIA 20, PA. 


, 
Powder Metal and Plast Molding Presses / Pharmaceutical Equipment 
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Advances w Applied Rodtation 


DEVELOPMENTS in the FIELD OF APPLIED RADIATION ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





This is the first of a series of informal reports designed to 
acquaint industry with High Voltage Engineering Corporation and 
with the interesting possibilities of the fields where our products and 
services are used or promise to be useful. Broadly, we define this 
field as that of applied radiation energy. 





Progress Report: Radiation Sterilization 


The level of interest in the application 
of radiation sterilization to drugs and sur- 
gical supplies is high and it seems likely 


that 1954 will see the first commercially 


marketed products processed with radia- 
tion energ\ Reductions that have been 
made in the capital cost of both produc- 


tion and research type equipment should 
hasten commercial use of this sterilization 
method 

It is now well established that complete 
bacterial sterility can be achieved by us- 
ing radiation, and the necessary radiation 
dosage levels are known. It will probably 
be some time. however, before extensive 
use of radiation sterilization is made in 


the food industry. The possibilities of 


sterilizing foods without any significant 
heat rise and of treatment in the final 
container are attractive, but there is a 
major problem to be solved before com- 
mercial applications become feasible 
Side effects are produced in most foods 
when treated with radiation. These side 
effects | manifest themselves as a 
chang n taste or odor, and sometimes 
nve n color as well. Little ts 
know bout the causes of these changes 
Fu ‘ research now under way 
bot! ndustry and in government ts 
specif lirected toward learning more 
ibout the nature of these effects and to 
\ { means of preventing them. The use 
of additives as free radical acceptors, irra 
diatio n the frozen state, irradiation 
il I ert or oxygen-free utmosphere, 
and the careful control of dosage all show 


promise While really extensive use of 
radiation sterilization in the food industry 


must await the solution of these funda 
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mental problems, the surface treatment 
of some food products like meats, frank- 
furts, and possibly cheese may soon be 
useful in lengthening shelf-life 





Los Angeles Tumor Institute 

The newest U. S. installation for the 
supervoltage treatment of cancer is at 
the Los Angeles Tumor Institute in 
California and is under the direction 
of Dr. Hugh F. Hare, formerly asso- 
ciated with the Lahey Clinic in Boston, 
and a pioneer in the use of 2-million- 
volt x-rays in cancer therapy. His Van 
de Graaff is the second HiGH VOLTAGE 
therapy installation on the West Coast. 
The other opened early this vear and 
is directed hy Dr. S. T. Cantril at the 
Tumor Clinic of the Swedish Hospital 
in Seattle. 





About Hich Vottace 


When produced at high energies, funda- 
mental radiations or particles, such as 
X-rays, electrons, or neutrons, can pene 
trate matter in varying degrees. In doing 
so, they characteristically produce ions 
by dissociating molecular and atomic 
structures and are. therefore. termed ion 
izing radiations, as Opposed to heat radi 
ations, for instance. HIGH VOLTAGE ts 
concerned mainly with the applications 
of ionizing radiations which can be pro 
duced by means of the particle accelera 
tors we manutacture 

HiGH VOLTAGE ENGINEERING CorRPO 
RATION was formed in 1946 to exploit the 
usefulness of what is now the most widely 
used type of particle accelerator, the Van 
de Graaff, in producing radiations for 
cancer therapy, nuclear research, and in 
dustrial radiography. Since then, the com 
pany has produced nearly half of the Van 
de Graaffs now in use in this country 

Industrial applications for the ionizing 
radiations from these accelerators already 


touch pharmaceutical and surgical-supply 


manufacture and have broad possibilities 
in chemical processing and control, in geo- 
physical exploration, and in the food 
industry 

Van de Graaff accelerators are pro 
duced by the company in a variety of 
designs covering the energy range from 
0.5 to 6.0 million volts. Recently the com- 
pany has been investigating other types 
of particle accelerators as well and is cur- 
rently constructing, in cooperation with 
Stanford University, a  50-million-volt 
microwave linear accelerator for the 
Argonne Cancer Research Hospital in 
Chicago. 





Big Jobs for X-rays 








A two-million-volt Van de Graaff x-ray 
generator, the first of its type to be used 
in private industry, has been installed at 
the new Wilkes-Barre plant of Foster 
Wheeler Corporation. This supervoltage 
equipment, capable of showing clear de 
tail in steel sections up to twelve inches 
thick, was built by HIGH VOLTAGE to meet 
Foster Wheeler's exacting requirements 
for precision radiographic inspection of 
heavy steel sections and weldments. Sup 
ported in a rotatable mount on a bridge 
crane, the huge generator can direct its 
x-rays at the work from any angle. This 
Van de Graaff will permit inspection in 
considerably less time than conventional 
apparatus. The resulting x-ray films wall 
become part of the fabrication record of 
the heavy equipment to be built at this 
plant for oil refineries, steam power 


plants, and process industries. 


Hicu VoLTAGE ENGINEERING CORPORATION 


7 UNIVERSITY ROAD 


CAMBRIDGE 38, MASSACHUSETTS 
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approximate maximum sensitivities 


VOLTAGE SENSITIVITY 


1 x 10-6 volts 
3 x 10-6 volts 


CURRENT SENSITIVITY 


8 x 10-12 amp 
2.5 x 10-11 amp 


recorder 


for high impedance circuits 


NEW MODEL of the ElectroniK instrument 
A now makes it possible to record data 
from high impedance sources without re- 
sorting to external pre-amplifiers. It can 
measure voltages originating in sources with 
impedances ranging from 0 to 50,000 ohms 
without appreciable change in sensitivity, 
damping or speed 


Because of its high input impedance, the 
instrument can be applied to voltage meas- 
urements with negligible loading effect on 
the source. It is also applicable to current 
measurements in conjunction with photo- 
cells, spectographs and similar devices. 

The recorder is supplied with pen speed of 


24, 12, 4!. or 2 seconds, for spans down to 


2 mv. The amplifier can be used separately 


in many high impedance servo systems 


Excellent stray rejection, meeting the most 
stringent specifications, is incorporated in 
the new circuit. Stray a-c voltages, equal to 
full scale span for the 2-second model and up 
to 10 times the span for the 24-second model, 
are rejected with no appreciable loss in in- 
strument sensitivity. 


Your nearby Honeywell sales engineer will 
be glad to discuss your applications . . . and 
he’s as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne and Windrim 
Aves., Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for Instrumentation Data Sheet No. 10.0-14. 


Honeywe 


il 
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Extreme Temperature and Altitude Problems 
Solved by New Modifiable 
Titeflex Connector 


‘© ats ” —" 


We have the experience to solve most complex connector 


problems involving extreme altitudes, temperatures and 


pressures with space and weight limitations. And within standard 


design requirements, we can develop special-duty connectors 


INSTRUMENTATION Connector —0O7. For moisture 
and corrosion resistance, temperature ranges of 


' —65°F. to +400°F. Made of Teflon, plug and 


receptacle mated weigh only % oz. Length 2". 
Insulation properties will permit 3500 volts at sea 
level, 1200 volts at 50,000 feet altitude. Can be 
made with 2 or 3 pins, current 7 amperes. 


strumentation and radio shielded applications. Can 
be furnished with Titeflex or Standard AN Con- 
nectors. Can be sheathed with one or more layers 
of various metal braids, fiber glass or nylon, and 
jacketed with silicone or various other compounds. 
Titeflex will be glad to design, develop and pro- 
duce complete wiring systems to your specifications. 


as a part of complete wiring systems 


MOISTURE-PROOF and resistant to synthetic lubri- 
cants. For extreme temperature changes in ranges 
of —65°F. to + 400°F., high altitudes up to 65,000 
feet. Resists salt spray, corrosion, vibration. This 
Titefiex Connector is radio shielded, has positive 
retention of pins and sockets. 5" in length. Mates 


* 


On gga, * als 


€ . 4 
# & > 


SPECIAL —O7 CONNECTOR. Designed to solve 
your connector problems in instrumentation with a 
real saving in space and weight since this connector 
has no protuberance beyond the flange. Can be 
designed as an integral part of your wiring or 
instrument components. Available in 1, 2 or 3 pin 
arrangements—current 7 amperes, size 1" in length. 
Receptacle and plug weigh only 11 grams. 


All TITEFLEX Connectors can be furnished with thermocouple pins and sockets. 


eae aaa eee 


TITEFLEX, INC. 
576 Frelinghuysen Avenue, Newark 5, N. J 


WRITE TODAY for specific information—or send 
us your specifications. Whatever your requirements, | 
we can usually provide the right answer. Our Engi 
neering Stoff will be glad to | 
discuss your problem without | Please send me your catalog on the Titeflex Connector 
| 
| 
‘ 


obligation 
Have your representative call 


NAME _ 


LET OUR nme 


COMPANY__ 


ADDRESS 


HELP YOURS 


DOIN ee DIATE 
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TURBINE 


3600-RPM 
MOTOR 


mo. 


~ 


GAS MOLECULES 


IMPELLER 


RESTRAINING SPRING 


“ENN 
A“ 


INDICATOR DIAL 


HOW IT WORKS! 


Gas molecules, set in motion by constant-speed 


impeller, impringe upon spring-restrained turbine 


causing turbine (and indicator pointer) to move 


a distance proportional to amount of kinetic 


energy transferred. This transfer of energy is a 


measure of number of gas molecules present and, 


therefore, is also a measure of the gas pressure. 


FOR SIMPLIFIED VACUUM MEASUREMENT—EASY OPERATION—EASY INSTALLATION... 


GE. Announces Revolutionary New Molecular Vacuum Gage 





Similar to a ‘fluid clutch” in 
of operation, this new entirely mechani 


principle 


cal molecular vacuum gage overcomes 
many of the problems encountered in 
the use of other type vacuum gages 


NO PRIMARY ELEMENT TO BURN OUT 


+ 


Having no electron 


New G-E gage is easy to mount, and its small 
size requires but a minimum of pone! space. 


electrical detecting devices, the new 
G-E molecular vacuum gage assures 
without time- 


continuous operation 


consuming delays caused by electrical 


failure such as tube burnout 


UNHARMED BY 
ATMOSPHERIC PRESSURE 


Because this new device may be 

to atmospheric pressure sud 
without damage to the instru- 
it is especially valuable where 
personnel may be untrained in the use 


of complicated instruments. 
SIMPLIFIED OPERATION 
The new G-E molecular vacuum gage 


requires no complicated setting of con- 
knobs. Direct-reading, the instru- 


calibration remains’ unaltered 


continuous operation. The 
span in the high-vacuum 
the easy-to-read indicator 


accurate readings 


HIGHLY VERSATILE 
Available in two types, the molecular 
im gage is supplied with a scale 
he direct reading dry air, or with 
ir scale which may be calibrated 
ther gases. It is therefore suitable 
iboratory and research installations. 
ice is $193.00.* For further informa- 
contact your nearest G-E Appa- 
ratus representative, or write for Bulle- 
tin GEC-986 to: Section 605-78, Gen- 
eral Electric Co., Schenectady 5, N. Y. 


facturer's suggested retail price. 


Ou can fal your confidence tn 


GENERAL @@) ELECTRIC 


March, 1954 - NUCLEONICS 


ore information 


Use post card insert in this issue 





NUCLEONICS 


The Course of Reactor Development 


Lis PAST TWO MONTHS have defined quite 
early the role of industry in the several areas 
of nuclear reactor technology. The relative 
rate of development of these areas is also be- 
coming more apparent. 
Four kinds of reactors are of interest: 
1. Central-station power reactors 
2. Small package power reactors 
3. Propulsion power reactors 
4. Research reactors 
hive recent events provide the basis for 
issessing the course of reactor development 
1. Jar 21 
submarine, Nautilus 


2. Feb. 2 


Committee on Atomie Energy of AEC’s pro- 


launching of nuclear-propelled 


submission to Joint Congressional 
posed *'5-vear program for reactor development ”’ 


3. Feb 


garding proposed invitation to bid = on 


exploratory letters to industry re- 
Army 
package reactor 
4. Feb. 17 
ference on research reactors 
5. Feb. 17 


(Congress on atomic energy 


W'" NIN JANUARY we saw the Vautilus slide 
gracefully down Electric Boat’s ways at 


we were stirred at the realization 


widely attended unclassified con- 


President’s special message to 


Csroton, Conn 
that this symbolized the first practical harnessing 
f nuclear power. Of course, the Vautilus means 
more than just a symbol. In the words ot 
Alvin Weinberg, research director of Oak Ridge 
National “The 


nuclear submarine power plant has resulted in 


Laboratory, success of the 


the establishment of one and possibly two bona 
fide equipment manufacturing industries. — First 


= the manufacture of nuclear-powered  sub- 


marines; this... 1s as valid an industrial 

terprise right now as is the manufacture 
ny other advanced naval vessel or power 
it 3 

ait 


hich has already stemmed from this demon- 


second industrial equipment activity 


tration of compactness [of nuclear fuel],”’ 
inberg said, “tis the manufacture of power 


package reactors, based on water-cooled and 


MARCH, 1954 


Jerome D. Luntz, Editor 


moderated design, for use in remote localities.” 
Klsewhere in this issue (p. 75), there is reported 
the details of AEC’s interest in getting competi- 
tive bids from industry on the first package 


reactor, 


— AND PACKAGI REACTORS represent 
the short-term aspect ob reactor work by 


industry. Item 2 above the ‘5-year program 


lor reactor development "is part ol the long- 


term picture. This program, the details of 
which were reported in these pages last month 


NU, Feb. ’54, p. 75), 


the four most promising avenues ol develop- 


is designed to pursue 
ment. It is expected that most of this expensive 
groundwork will be done by the AEC national 
laboratories, 

Item j On research reactors concerns ah area 
work. ‘This 


in which industry is already at 


was brought out at a two-day conterence at 
Oak Ridge last month that drew representatives 
from 5S universities with varving degrees of 
interest in reactors for their campuses Also 
present were men from about a half dozen 
companies that have a very competitive mterest 
in building reactors for universities and other 
non-AKRC groups 

Item 5, the President’s atomic energy legis- 
lative recommendations (see p. 74), affects each 
of the first four items. The continued interest 
and the degree of interest of industry in all 
types of reactors depends to a considerable 
extent on whether the President’s recommenda- 
tions are approved. If Congress amends the 
Atomic Energy Act as requested, growth of the 
field in the next five vears may be as follows (in 
terms of numbers of reactors on which con- 
struction is started 

1. Central-station power reactors— 2 


ing PWR) 


2. Small package power reactors— 3 


exclud- 


> 


3. Propulsion power reactors 3) (excluding 
STR and SIR) 

4. Research reactors—6 

Thus it appears that the basis for a healthy 


industry is coming into existence. 
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Scintillation Counting 


N THE NEXT 41 pages, NUCLEONICS presents seven 
| articles and four reports that spell out the status of 
scintillation counting. Comparison with the last such 
report (NU, Mar °52, p. 32) shows that use of this 


| Phosphors and 
technique for detecting and measuring radiation is 
expanding more than rapidly. photomultipliers 


One aspect of this expansion is shown on the cover, 
To meet the requirements of new applications, de- 
tector components are getting larger. But a gap 
exists between the growth of crystals and photo- General 


nultipliers; as shown in the following pages, plastic 


. applications 
p. 2S) and liquid (p. 44) scintillators are filling this PP 
gap and miy be the ultimate solution to the need for 


irge detectors 
Detectors are also becoming smaller (p. 14, 26), and 


electronic circuits less bulky, simpler, and more re- High energy and 


ible (p. 33, 54, 55). Flexibility is a prime 


factor in cosmic rays 


the current expanding application of scintillation 


counters 


This report is based on the Fourth Scintillation 
Counter Symposium, held in Washington, D. C., on 
January 26 and 27. The editors thank H. D. LeVine, 
R. T. Graveson, A. H. Yoli, and H. Sadowski of the 
AEC New York Operations Office for their aid in re- 


Spectrometry 


vorting and summarizing many of the shorter papers. 





SCINTILLATION COUNTING TODAY 





Phosphorus and photomultipliers 


Several theories attempt to explain the 


mechanism of the scintillation process in crystals, liquids, and solid 


solutions. 


These are discussed here in relation to the scintillation 


efficiency, decay time, and energy and nature of the radiation 


Recent Advances in 


By ROBERT K. SWANK 
trgonne National Laborat 
La mont, Illino 


THE WIDESPREAD ACCEP' 
tillation counting as a 
nique for the measurement 
radiations has made it 
a satisfactory understar 
tained of the fundament 
involved in the sermtil 

It has been shown (7) tl 
lost by a charged partie 
ter traveled is) proportion 
square ol the parte le’s 
to the 


roughly inversely 


velocity For the part 
gies we will consider, t] 
most entirely consumed 
and excitation of the 

medium, with ver 
consumed directly 
clear collisions or r: 
tronie-excitation energ 


graded into heat w 


amount, 10°, or less, es 
ble or radinat 


The emission observe 


ultraviolet 


tion nearly always) corre 


transition from the lowest ¢ 
to the w 


volved 


ound state of t 
The 
conversion of higher ex 
the 
ground state Is genera 

than the lifetime of the 

state Therefore, the th 


1) excitation, 


time requ 


lowest excited state 


2) deg 


electronic energy, and 


light from the lowest CX 


14 


“uses us three suc- 
the production of a 
last process then 


ctiv to the en 
iolet fluorescence It 


1 ultras 
- convenient to use the con 

f fluorescence quantum efficiencs 

the ratio of fluorescence pho- 
{to the number of excita 

st excited state produced 


rh-energy particle 


Fluorescence Efficiency 
According to this concept 
of photons observed in 


itten us 


\ K/u 


be WwW 


is the energy of the particle 


entirely ex- 


assumed to be 


din the scintillator; w is the aver- 
nergy required to produce one 

is the 
The 


defined 


fluorescence” excitation; and ¢ 


rescence quantum eth 


Clene\ 


efficiency is then 


t ition 


electrons 
Involving an activ: 
in be accounted 
modification of these for 
fluorescence quantum ef 
ited to the lifetime ot 
ite For, if the probab 
lor emission and quen 


and p respect 


Theory 


viveh em 


the quantum ¢ theien 


ted state ai 


Organic Crystals 


onsist of o1 
together wit! 

i substitutions 
onating structures 


s afforded in most ¢ 


onance 
eS rise to the 
hich luminescet 
lifference 
he first exc 


the unb: 


yr single 


lation efi 
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TABLE 1 


Scintillator 


Efficiency of Several Scintillators 


Wavelength 
of maximum 
emission 


Relative 
beta-ray 
pulse height 


Alpha-to- 
beta ratio 
(%) 





Anthracene Crystal 


Stilbene Crystal 


Xylene + 5 gm/liter terphenyl + 0.01 gm/ 


liter diphenylhexatriene 


~4,500 


100 gm polyvinyltoluene + 4 gm terphenyl 


+ 0.1 gm diphenylstilbene 


Nal(Tl) 
Lil (Sn) 
Lil(Eu) 


~3,800 
4,100 
5,300 
~4,400 


9 
9 


of Scintillation Phosphors 


bv halogen, carboxyl or nitro substitu- 


tions, but is enhanced by amino, hy- 
droxvl and alkyl substitutions. 
Of all the organic scintillators inves- 


. anthracene is the most 


Liquid Scintillators 

The difficulty of producing organi 
erystals of large volume and high op- 
tical quality has led to the widespread 
Although 


smaller 


of liquid scintillators. 

scintillators produce 

heights than the best crystals, 

mitation is more than offset by 
economy and versatility. 

r present understanding of the be- 

f these scintillators is primarily 

vork of Kallmann and Furst 

have shown that the “ flu- 

rescence excitations produced in the 

lvent are quickly transmitted to the 


solute before quenching can occur. 
which is thus 
the solute, 
in be subsequently emitted from the 
Since the 


wmal quenching in the solvent is by- 


The excitation energy 
rapped and degraded by 


lute with a high efficiency. 


net effect is as though the 
of the solvent had 


MSSed the 
quantum efficiency 


been greatly increased so that 


fi ] tT Mit \ | 


is the average energy required 


mduce one “‘fluorescence’’ excita- 
he solvent, ¢ is the molar con- 
of the solute, oc is the ratio 


itv of trapping in the solute) 
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probability of quenching in the sol- 
vent), and m is the self-quenching con- 
stant of the solute 

Since the energy of the fast particle 
is expended almost entirely on the sol- 
vent, the parameter wo applies to the 
The quantum 
efficiency of the solvent is q. It con- 
The first factor, 
is the fraction of fluores- 


solvent. effective” 
sists of two factors 
oc/(l + o¢ 
cence excitations in the solvent that is 
transferred to the solute. It is uas- 
sumed that the emission from the solute 
is negligible The second factor, q 
1 + me), is the quantum efficiency ol 
the solute It has a 


qi at very 


maximum value 
low concentrations, decreas- 
ing with concentration. 
This 


with increasing concentration, usually 


Increasing 
decrease in quantum. efficiency 
referred to as self-quenching, is a prop- 
all complex phosphors 
both ultraviolet 
The value of 


erty of nearly 


and is observed with 
and particle excitation. 
constant, m, is 


the solute, but 


the self-quenching 
mostly a property of 
also depends on the solvent, and to 
some extent on the mode of excitation 
aNTnUM 
hence of NV, at c 

Kallmann has shown that an 


Kquation 4 


predicts a 
value of q’, and 
(om 
expression of the form given by Eq. 4 is 
in very good agreement with experi- 
mental observations of light output vs 


concentration of the solute 


Solid Solutions 
After the report by {) that 
scintillations had been observed in solid 


Schorr 


solutions of terphenyl in polystyrene 


the question naturally arose as to 
whether the processes occurring in this 
tvpe of scintillator could be explained 
in the sume manner as those Occurring 
in liquid scintillators 

Koski (4 
minescence from pure polystvrene and 
that fluorescent 
compound to polystyrene served merely 
to absorb” the 


emitted, 


observed ultraviolet) lu- 


suggested adding a 


ultraviolet idiation 


and to reemit it at longer 


wavelengths. This would increase the 
pulse size by overcoming self-absorp- 
tion and by gaining a better match to 
the spectral response ol the photomul- 
Since these early 


tiplier. experiments 


vielded scintillation efficiencies of only 


2-10% 
planation offered by Koski seems 


relative to anthracene, the ex- 
acde- 
quate, 
When the 
Koechlin (6) in 


Pichat 
it eth- 


results of 
1951 
ciencies relative to anthracene as hig] 
with 


ane 
showed t} 


could be obtained SOM 


solutions of tetraphenyvibutadiene in 


polystyrene, some additional explana 
tion seemed necessar\ 

These experiments 
and extended at Argonne National Lal 


were repeated 

The high efficiencies re- 
Pichat 
other 


oratory 7 
Koechlin were 
solid 


having 


ported by and 


confirmed, and solutions 


were investigated efheiencies 
erystalline 


height 


ranging up to 48% of 


anthracene. Curves of pulse 
vs concentration were found to be sim- 
ilar to those reported for liquid secintil- 


that | a significant 


15 


lators, except 






































FIG. 1. Experimental arrangement for study of energy-trans- FIG.'2. Pulse height as a function of tetraphenylbutadiene con- 
fer mechanism in polystyrene centration in polystyrene 


emission was observed frot I pul LOTest lute pulse hel were nuol nee emitted by ie solvent 
solvent and (2) the solute concentra eus 1 a funetion 
tions required) for maximut pulse entration with and 


height were about tenfold higt ntl ( " sheet in 


ense ot plasties than in the f I ] t ry cury ol pulse hel 


dls The y fieiren toget he ntration of ! | Vibutadiene are 
uid Phe high ef] I tetrapheny! tadiene al ately. for mort of the solutes 
with the fact that the radiat I in Fig. 2, together with 


solvent fluorescence Was 


had the characterist i spectru f the direct beta excitation ol 
nbsorbed 


1 tl oa by them at very 
solute. forced the conelu that nde urves are normaliz 
eg per entrations so that the expres- 
NCTE: ) Miuced origina I ! ned i LeEvO ‘concentrati : : 
excitation pre ee , Ze concent n for the pulse height above these 
olvent was transterred t thie ( mipal mn of the magnitude } 
itions ule be expressed m 
before @miussion, he two curves leads to the 
: nt vias ind reemitted 


Studies of polystyrene. » le n that radiation and real 
mine whether this transfer tior for no more than 20 


energy Wis by radiation Ol ( ( raunster trom solvent to solute 


; 


ent followed by absory t nh tlie ( CuULaLY is “Iso made ol the 


ute or by oa nonrad 


nec] itiisth the 
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Alpha particles 
heet ol pure 
ultraviolet emisstor trie et t ! ni rhe it ! tt ! 
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as been presented by 
that is based on an ex- 
i e of energy between two mol- 
result of quantum mechan- 
esonance A ealeulation made by 


Harrison (8) indicates that this mech- 


cecount for the migration of 


en quid scintillators if an inter- 


etion energy of about 40 mv can be 
ssumed between the solvent mole- 


iles This energy seems to agree 


th the observed shift in absorption 


emission spectra of benzene in 
going from the gaseous to the liquid 
state 
The energy transfer mechanism in a 
theo presented by lérster (9) is de- 
scribed as an interaction resulting from 
the mutual energy of the electric di- 


es of the two molecules involved 
Since n this case, the transfer takes 
thermal equilibrium has 
heen established, it is necessary that 
the emission spectrum of the donor 


ile overlap the absorption spec- 


trum of the acceptor molecule. The 
transfer probability is proportional to 
the oscillator strengths of the transi- 
tions and to the degree of overlap of 
the spect Experiments with plastic 


scintillators have shown that a good 

elution exists between the above 
pect! requirements and the rate of 
rise of pulse height with concentration 
s edicted by the theory 


sible that two different en- 


} ns may be nee- 


ergy-transfer mechanis! 
‘ ount for the experimental 
ts One transte! mecha- 


int for the exchange ot 
] 


‘ tation among solvent molecules and 


the final transter to the sol- 


lore experimental work must be 
sitive identification can 


the transier mechanism, 


Self-Quenching 
Aithoug! much reniins to he 
( re it the process by which en- 


~ferred from the solvent to 


the ite, causing the scintillation 
eight to increase with Increasing 

tion, our knowledge is even 

eager concerning the self- 
mechanism which causes 


se height to decrease when the 


~ raised bevond a certain 


ul This phenomenon 


ill classes of activated 


plest explanation ol such a 
bel ! ould be that reabsorption 


ed by internal quenching ac- 
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counted for the loss of pulse height at 
high concentrations However, meas- 
urements of decay time and absorption 
appear to disagree with this simple ex 
planation, in some cases at least. 
Formation of double molecules 
with reduced emission probability, has 
also been proposed. Another explana- 
tion, proposed by Franck and Living- 
ston (10), would show the behavior of 
true quenching. This model of self- 
quenching is based on a combination of 
rapid energy transfer, together with in- 
ternal quenching by the molecules 
Transfer of energy would increase 
quenching probability provided the 
mean lifetime for energy transfer were 
smaller than the average time required 
for the molecule to change from a mode 
of vibration producing quenching to a 
mode unfavorable to quenching. In 
this case the excitation energy would 
effectively be shared by a number of 
molecules and the quenching probabil- 
itv would be the sum of the quenching 
probabilities of the several molecules 
This would reduce the scintillation in- 


tensity and decay time accordingly. 


Energy Dependence 

The equations presented so tal apply 
strictly only to high-energy electrons 
In this case, the scintillation amplitude 
I 


is strictly proportional to the energy ¢ 
the particle stopped in the scintillator. 
For low-energy electrons and for heavy 
particles, the number of photons pro- 
duced per unit: energy expended is a 


function of the energ 


Although a number of investigators 
have contributed to our experimental 
knowledge of this effect, the most com- 
prehensive data has been that of Tay- 
lor etal. (11 


cene are illustrated in Fig. 4 where the 


Their results for anthra- 


ratio of scintillation amplitude to the 
particle energy is plotted against the 
energy for electrons, protons, deuter- 
ons, and alpha particles The curves 
are normalized to LOO for high-energ, 
electrons. It is assumed, of course, 
that the particle is brought to rest in 
the seintillaton \ behavior similar to 
that shown in Fig. 4 seems to be char- 
acteristic of nearly all) scintillators. 
Different scintillators will vary consid- 
erably. however, in the degree to which 
they exhibit this property 

A convenient measure of the degree 
to which any particular seintillator is 
affected by the energy and nature ot 
the particle is obtained by comparing 


the pulse height per unit energy of a 


5.3-Mev alpha particle with that of a 
high-energy electron, This measure- 
ment is commonly referred to as the 
alpha-to-beta ratio It varies from 
about 9° for most organic scintillators 
to nearly 100°, for a few inorganic 
scintillators. 

The energy dependence of scintilla- 
tion efficiency is more precisely de- 
scribed by expressing the incremental 
scintillation efficiency, dN dk, or the 
specific scintillation efhieiency, dN) dx 
as a function of &, where dx is the in- 
cremental distance traversed by the 
particle. In particular, Taylor et al 
have shown that these incremental effi 


creneies DAS be expressed as oa Unique 
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FIG. 3. Pulse height vs concentration in 
solid solutions with beta-particle excitation 


function of the specific energy, loss 
dk dx. exper imental evidence of this 
is seen in Fig. 4, where the data of Tay- 
lor etal. for various particles on anthra 
eene are plotted toshow dN dar as a 
function of dk da The only strong 
deviation from a smooth curve is seen 
in the ease of low-energy electrons 
Birks (12) has shown that such a devia- 
tion occurs wherever the range of the 


particle in the scintillator is less than 


about 7 microns Birks attributes this 
to a surface effect in which the energy 
that can migrate to the surface is as- 
sumed to be quenched According to 
this picture, such discrepancies would 
not occur if an internal source of radia- 
tion were used. 


Birks lo has also derived a the- 
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TABLE 2 Absolute Efficiency of An- 


thracene for Beta Particle Excitation 
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extremely difheult, and in certain 
ises almost impossible to make. 
One major obstacle to accurate 
decay-time measurements Is the purity 
of the specimen. Since it is known 
amounts of impurities can 
1 quench the excitation energy 
ol a scintillator, it ts probable that the 
ng competition with the emission 
process reduces the decay time below 


the pure material. 
A second major difficulty is the ef- 


ect of self-absorption. This effect, de- 
seribed by Birks (14), can be illustrated 
with the aid of Fig. 5. Assume that of 
the \o photons emitted in a seintil- 


lation, A.N eseape the scintillator on 


the first ti and | k,)N are re- 
ibsorbed If we can assume that this 
reabsorption occurs near enough to the 
point of origin that the probability of 
eSCAM n the second trv is essentially 


the same as the first trv, then the status 


of the reabsorbed photons is the same 


is thoug! ho emission had occurred, 
In othe vords, the emission proba- 
byilit must be replaced bv the 
resale iunntitv A p Thus, the de- 
cay is still exponential, but the decay 
time onger, and the quantum ¢el- 
el =~ lowered. The new quantum 

efliciet nd decay time are 
. 10 

| qo | h 

| 

11 


( ! ire. the molecular 
quantum efficiency and decay time, 
respective It ean be shown that if 
the thick-specimen @mission spectrum 


~ normalized to coincide with the thin- 


specimen @mission spectrum. at long 





TABLE 3 — Scintillation Decay Times for 
8-kv X-Ray Excitation 
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wavelengths, as shown in Fig. 6, then 
the ratio of areas 6 a is identical with 
k,. Birks has measured this ratio for 
anthracene Using microcrystals and a 
l-em-thick specimen, finding & 0.2 
for the thick specimen. With the 
value of 0.9 for this gives 7 3.6 7% 

Thus, according to these results, 
decayv-time mewsurenn nts made on 
thick samples may be many times 


larger than the values obtained for 


microcrystals Also, the decay time 
of a thick sample is affected by the 


reflector and by the 


degree ol penetration ol the exciting 


presence Of a 


radiation. Thus, this factor alone is 
large enough to account for many of 
the large discrepancies found in’ the 
literature, 


Another 


factor that limits the accuracy of meus- 


Effect of photomultiplier. 








FIG. 5. Effect of thick-sample self-ab- 
sorption on emission 


urement of decay times is the con- 
tribution of the photomultiplier The 
transit-time spread of photomultipliers 
ranges from the order of | mysee up- 
wards, depending on the mumber of 


stages, degree of focussing, and the ap- 


plied voltage li spread in transit 
time had a Gaussian form, it would be 
exper ted that scintillators whose decay 
time was two or more times the stand- 
ard deviation of the Gaussian could be 
How- 


itions indicate that 


the response of a photomultiplier may 


measured with fair accuracy. 
ever, recent obser, 
deviate consideral rom the Gaussian 
horm, hay ne Instead a fast rise followed 
by a decay that is rapid at first, but 
becomes slower at longer times 

This effect is illustrated in Fig. 6 
which shows an al iplified noise pulse 
from a type C-7165A photomultiplier. 
The high gain and output current. of 
this photomultiplier made this obser- 
vation possible without the use of ex- 
ternal amplifiers \ photomultiplier 


response ol this tvpe, although it is of 














FIG. 6. Anode pulse from C-7165A photo- 
multiplier resulting from amplification of 
single cathode electron 


little importance in scintillation count- 
ing, introduces errors un the CHSUNE 
ment of the decay time of a very fast 
scintillator that are not easily ac 
counted for. 

mand in 
the type C-71I64A photomultiplier, but 


the form of the response is unknown 


A smaller time dispersion i- 


A number of scintillators have been 
measured with this photomultiplier at 
Argonne National Laborato: using 
pulsed X-ray excitation. A summary 
of values for some common organic 
seintillators is given in Table 3 With 
a plastic scintillator containing tet 

phenyl (decay time < 2.8 msec) as a 
source of ultraviolet radiation, it) was 
possible to measure the decay time of 
an anthracene crystal under ultraviolet 
excitation. The value of the deeay 
time for ultraviolet) exeitation was 


smaller than the X-ray value by 7%. 
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SCINTILLATION COUNTING TODAY 
Phosphors and photomultipliers 


Flying-spot scanner can show . 











FIG. 1. Flying-spot scanner cus spot of light on photocathode. Multiplier anode current displayed on monitor 


New Photomultipliers 


While developing larger and larger photomultipliers, with a 16-in. tube now 
being constructed, Du Mont is also using a flying-spot scanner to study tubes 
that are in production. Data on 5, *:, and 1!'1-in. tubes are given 


in this article, and the use of wide dynodes to improve gain is discussed 


By BERNARD R. LINDEN 

Wen B. Du Mont La eam | 
/ / , pp 4 ‘ ‘ a ' : 

ene The 5-in. K1198 


i\ US 


t 
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response across cathode... 


FIG. 2. Oscillograms from scanner for 
K1198 photomultiplier. Shield plate was 
at optimum (top) and at dynode-1 poten- 
tial (below 


or give complete picture of cathode uniformity 


FIG. 3. Full scanning of photocathode of 
K1198 tube produced this pattern on moni- 
tor. Poor photoelectron collection is indi- 
cated; shield was at dynode-| potential 


and Operating Data 


photomultipliers are 


‘a cathode area 


\ node struc- 


pinte Ww hose 





These Are the Photomultipliers for 
which Data is Given in this Article 
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cathode potential 
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FIG. 6. Variation 
voltage for K1198 


FIG. 5 Variation of pulse height with 
shield voltage for K1198 
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FIG. 7. Variation of pulse height 
dynode-! for K1198 


but thi 


Thole 


tenths 

photas 
ig 

output 


oltag 


In uty 
potent 
where by 
This ven 
result of 
dyno 
Aga 
trates the 
10 shows 


) 


in ose 
\t esen 


is essentially 


for exettatior 


22 
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This 


6291 in 


K1231 
tubs 
chanical dimensions the glass 
somewhat smaller than the 1!5- 


vhich is used. 


tel }2-pin base 

a mu-metal shield 
shielding without exceed- 
Also, 


more 


gnet 
e outside ameter. 


bulb fits 
into its base allows tighter tol- 


base a 
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n. tube the shield is connected 
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13 anode output 
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FIG. 8. Type K1193 isa 
photomultiplier 


},-in. diameter 
shield voltage for K1193 


d 


FIG. 11. Full scanning of K1193 photocathode produces this 
display of anode output on flying-spot scanner monitor when 
shield is at optimum potential 
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et been designed to 


quantitative data 


present. Construction 
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and should be 
future. TI 
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FIG. 13. Variation of anode output as a function of shield 
voltage for K 1231 photomultiplier 
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FIG. 9. Variation of anode output with 


are i\ 
l ol nu 


If 


FIG. 10. Oscillograms for K1193. Shield 
at optimum (top) and dynode-1 potential 


FIG. 12. Same full scanning as in Fig. 11 of K1193 photo- 
cathode shows degeneration of photoelectron collection with 
shield at dynode-1 potential 


allable at 
l6-in 
is well under- 


the 


but 


FIG. 14, Comparison of standard box-type dynode (left) with 
new wider dynode 
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While liquid scintillators emit no | | | 

measurable fraction of their light with | _ | | 
decay times of 0.1 to several hundred 

usec, plastics and crystals do. Organic : 7 

solids all appear to have two components, 

one about 3 usec, the other longer | 











By F. B. HARRISON 


neve of ( FIG. 1. Decay of slow components in anthracene. Upper curve 
Los Alamos Scier / goes with upper scale. The 110-ysec component was subtracted 
Los Alamos, Ne / from measured values to get points for 3.1-usec curve 


Slow Component 
in Decay of Fluors 


\PeASUREMENTS have been 1 ' x oe eee ey ae ee ter 100 X jme ée aoe 
iy times mm seimtiliatior { ust that at renetition rates } 

plastics ined solutions no the ‘ ‘ s escent nin cl P ‘, , é' sae 
few tenths of a micros t Since the ntillator is irradiated { it 0 

few hundred microsecor ep . el ee 

scintillator was wrapper , ‘ 4 © measured. an eauilil eet affact ; a : 
foil, or in the case of the t ( between the different modes ‘ t t t 
moa beaker lined wit! t ; ; /_—— 

eause this material { \ 1, re ee eee j a aie ae ls ee 
phoresce, Tt was be t th its el teristic decay time B 04 ( 1 alte ust r the 
X-rays of around 70 tting the «ce curves, and ext 1 t 2 ace orl 4 fterpulsing 
with a tvpe C-7164 phot tinlier sé Tr PE RET aa’ es Fann 
lected for its freedom frot ti sing ae a Te cht es 

The signals — we ent A i ail el 


Tektronix type 517 0 ( t espect the method is diffe Results 
tographed ma rit f t t meemploving a short burst « The mids on ensurements 
comparator ition. where an extrapolation « ere pt ed were is combir 


Both the X-ray tub l thre t the ft ould give i height propo tol ot terphet Lphens OXEZOLE 


multiplier were gated, the NX tubs tio? to the fraction of elit vaciazole ; 
bv means of a grid, ar tive 1 mponent «a aed b ts decay time iZole aNPO ina phenvl hexa 
tiplier by making the first f ( ethod used in this experiment t toluene enzene al 
shield S volts negative wit ect t therefore enhances the components phenvl ohexane There was no ev- 
the cathode Norma t x t ne ce times. which are the lence in anv of ther slow compo 
tube was on, the photomult f t ( ve are trving to measure nent usec after the X-rav cut-off 
The sequence of event the { There are several mechanisms t t t e secura ‘ ‘ 

lowing: The photomulttplie gat ild expla in apparent slow compo ment hich was al t 0.2 

on, the X-ray tube was gate ff, the ent. among them afterpulsing in the Figure 1 shows the results of meas 
photomultiplier Was gate f Phe t itiplier and a failure the irements on anthracene The compo- 
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the long decay time has been 
the data at = short 


giving the points shown on the 


nent wit! 


subtracted from 
times 
lower curve It appears that there are 
times of 


When 
ZeTO 


two components with decay 


110 and 3 usec, respectively. 

these are back to 
the time of X-ray cut-off, the 
» that about 4!,% of the light 


ut with the longer, 


extrapolated 
time 
and 314% 
» shorter decay time. 
summarized in the 
All of the organic 


have 


The results are 
table on this page 


si Is ippear to one compo- 


nent with fn deeay time oft about 


»o User and one longer one, Two plas- 
tics vere measured, polystvrene-ter- 
pher xNPO and polyvinyltoluene- 
terphenvl-diphenvlstilbene, and gave 
the same results. Judging by the re- 


producibility of the measurements, the 
s part of the table are prob- 
rate to 10-15% except for the 
10 usee for plasties, which is very rough. 

For Nal, Emigh and Megill 


~ have 
with deeay 


u SEV components 
time trom 13 sec up to se eral hours 
t ght outputs totaling about 3° 
Qur measurements show one compo- 


apparent decay time ot 


200 use vhich might well be the 


sum 


th longer and shorter 


eal es ind something with a 
( i the neighborhood of 1-138 
~ t! out 15°. remaining after 
1 se There appeared to be nothing 
etwer the 0.25-use decay time of the 
fluorescence and the component listed 
JOO) = 


components with shorter 
etimes, some photographs were taken 


Figure 2 shows 


t results of menssurements on. ter- 
hel toluene For want of better 
tion, since the liquids appear to 


slow component, and since the 


le time of their fluorescence is much 


ter than the times measured here 


we have taken this to represent the cut- 
off time of the X-ray 
this 


beam. It is ev- 
that 


times in the region of 


ident from curve measure- 


ments of decay 


tenths of a microsecond will not be 


verv accurate. 


Figure 3 shows a similar measure- 


ment on a terpheny! crystal. 


Similar measurements were made 


with stilbene, anthracene, and a plastic 
these, there 


each of 


seintillator. For 


was evidence of a component in the 
range of tenths of a microsecond. In 
the case of stilbene and the plastic, it 


Was possible to get good agreement 


with the terphen l-toluene curve by 


subtracting one exponential compo- 
nent In the case of anthracene, it was 
necessary to correct the X-ray cut-off 
curve for the 30-mysec decay time of 


rescence before the 
The 


fluores ence ot ter- 


the anthracene fluc 


curves could be made to agree. 


decay times of the 


phenyl, stilbene and the plastic are too 
short to affect the shape of the X-ray 
cut-off curve materia 

The last col 
tabulation of results 


the 


imn of the table showy a 
Because of all 
these are 


subtractions necessary, 


quite rough, particularly in the case of 
where thre 
could better be measured with an X-ray 
tube that car 


anthracene extra correction 


Was necess decay times 


ol sharply. It 
such a tube were pulsed on for perhaps 


i microsecond so } 


ot to build up the 
slower components to equilibrium 


the re would be less to subtract 


Discussion 
The results sho nu the table should 
Ones published 


be taken to supersede 


earlier (2). In the earlier results the 


different components were not resolved 
made for 


and no correction was non- 


linearity of the amplifies The lack of 
hetween the results 


\ever 


ugreement present 


and those of ind Maier indicates 





Decay Times of Slow Components, with Fraction of Total Light Emitted in Each 


s No slow component 
Anthracene .5 110 
“st ene 5 SO 
Perphen 3.5 SO 
Pla O74 ~40 
Nal S ~200 
L.d lsec Nr 


Period Period 


3.0. 3 i) 0.120 
5.5 / 6 0.250 
5.5 ; 15 0.120 
j 2.5 6 0.130 
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FIG. 2. Measured decay time of signal 
from terphenyl-toluene solution 




















FIG. 3. Decay of signal from terpheny! 
crystal: Curve 1, measured points; 2, decay 
times from table; 3, result of subtracting 2 
from 1 and renormalizing to 100°,; 4, 
approximately 15°) with 7 120 musec; 
5, result of subtracting 4 from 3 and re- 
normalizing. This agrees well with Fig. 2 
the desirability of repeating the expert 
ment with apparatus better capable of 


short time mensuremet 


The existence of ycomy 
the solids makes yuidl scintillators 
seen lhiost desu ible Le list wit! ust 
timing circuits This follows from the 
relatively long de¢ t e the flu 
orescence In anthi ene ind the fact 
that liquid seintillators are no ill 
able whose light output quite com 


parable to that part of the fluorescence 
of stilbene that deeavs with a mean [ite 
of 6 myusee (4 

Slow components \ iffect the com 
hetween the measurements ol 
intillator bv the 


pulse-height and current methods, and 


parison 
the light output of as 
i pulse hye ivht 


will make the results of 


measurement dependent on the time 


constant of the integrating cireuit 
» * be 
This Mo was done ’ hea pice of 
the U.S. Atomic Energy Comm 
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Some recent developments in multiplier phototubes, ! RCA has in development at the present time several ex- 
Ralph W. Engstrom, R Corporation f America perimental tube The H5723 is a %,4-in. diameter tube 
Laneaster, Pa. The acceptal t evel for photo The H5037 is a 4-in. diameter head-on cathode contaiming 
cathode sensitivity on the SS1O mult ( phototube has in electron Optical focusing s stem that has a collection 
been inereased from 20 ja men in 1952 to 40 wa, lumen efhicren of better than 90%; The H5914 is similar to 
in 1958 In addition, the blue el t t n production the C7165A mentioned above However it has a 2-1n 
sampling, shown n Fig. | ! I lt > Dine lumen diameter photo ithoce 
in 1952; in 1953 the spread of tub ni tto S wa, blue It was reported from the floor that the 6342 has a transit 
lumen. Thesupport of the elerating ele e has been time ne dvnode t e next of approximately 2 mpset 
changed to a quenched cet et } ee! ise ind that the half width of a single electron pulse Is approx- 
reported where the inquene! té ) jue t mate > pre A Ise the transit time spre id from the 
bombardment; tl ( the hot edyves the photocat leas compared to the center of the 
sensitive surtace photocathode to dynode ts different by 30 to 40% This 

The 6342 multiplier t f the iccount ne of the eauses of transit time spread 
9819 and has the same cat t t nter n ilt tribe 
configuration of this tuly S19 n Fig. 2 When using orga! ed to inorganic phosphors 
The grill in the accelerate the 5S19 louble t ‘ 1 ce-charge mitation will 
wound grid and transmitt thie t electre eu t ‘ tage ( e the total charge ob 
The 6342 uses a su vle \ ! t : ng ! t re the ter time bec:use 
now will transmit 02 ( f | flat ryat = wtit t! mu shorte! 
face. and the accelerating elect ( er wht out le 
on a separate lead | 1 Uv 
Flving-spot-scanner date ectrod Production of plastic phosphors in quantity, 
potential Cun te ied ft et { I re | \\ iters, | ( ( ornia Radiation Labora 
sponse weross thi t 13 ( By erization of plasti 
magnesium cdynod il PSS t ( ( ( <¢int t r ethe 
tures: this has the etfect ! ft equire ( ont t erature But yrocedure 

The 6372 ha i ve sf t 4 \ r ed thie rie ented to the 

on plate priaetied | | enct erature t t owed t 

itv of the enthoce nig r 

mintels ind collection ¢ Pre rt ‘ ri ' 

B30 to +30 degres te 1) v | i 
to the total cathode ( | ( iV? ( ") t ()n t the 
The l6-stade ilt ( HOA ‘ t ‘ 

upto LO’ and ar t 00) At the start the the vesse Tiiie 

twin-lead output of 150 th t ( vavelength shift 

enthode is LpPpras ( Wh t ‘ ent ( yy 

for high speed pulse t 3 the 1 

rent output ive nec ture tiv \¢ 

- - " es 

if] 
nn (Be : 
. } } sae r} js 
NE GE | , 
: nlipld Hf LPYE dh A | 
Paseo rut , | 4 . a) 
rf se Pree SS in ‘| , 
1 @ e e 
Sensitivity x e 
FIG. 1. Comparison of production samples tor two years on FIG. 2. Configuration of old 5819 (left) and 6342 multiplier 


tubes. New 5819 has single-wound grill (Engstrom}) 
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RCA 5819 multiplier (Engstron 
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the boiling repeated. The last 14 of monomer is then 


About 6 hr later, polymerization is completed. The 
product is allowed to cool overnight; the reaction flask is 
broken and the bottom placed in a box of housing insula- 
tion to cool for 4 days. 

The present scintillator, chosen after tests with test 
tubes heated in a beaker of mineral oil on a hot plate, is 
stvrene solvent, 2!.% terphenvl activator, 0.03¢; ter- 
hhenvl butadiene wavelength shifter, and 0.01¢7 zine 
stearate to make removal of the plastic from the glass 
vessel easier. Cadmium stearate was tried, but it did not 
| satisfactory neutron-sensitive phosphor. 

Vinyl toluene showed 30-40% greater efficiency of con- 
ersion in small samples, but this does not appear to be so 
! irgere sumples. 

Delay time of the styrene plastic phosphors is 5 mysec. 

Phis process is based on a method developed by Ear! 
Pullman at Los Alamos Scientific Laboratory. 





a= 








FIG. 3. Structure and maximum-emission wavelength for newer 
wavelength shifters (Hayes) 


New liquid scintillators, by I. N. Haves, University 


( fornia, Los Alamos Scientific Laboratory, Los 
\ ~. New Mexico. New liquid scintillators have been 
t] geht outputs up to 30°) greater than 
{ ( toluene 
\ new primary solute is PBD (2-phenyl-5-(4-biphenyl)- 
dia zole At a concentration of S gm liter in 
r t gave a pulse height of 121 relative to 3 gm 


oluene as 100. Other pulse heights measured 
PPO (3 em 1) in xvlene, 101; in benzene, S9 
5 gm in toluene, 94; BPO (4 gm1) and 
PBO (4 gmy/1) in toluene, 109 and 121 respectively 
The best plastic was found to be 4% terphenyl, 0.20 
stilbene in polyvinyltoluene, with a relative pulse 
tot 11S 
PBD, used in a plastic scintillator, produced its maxi- 
ulse height at a concentration of S gm. | in toluene 
Wavelength shifters that have been developed are shown 
hig. 3 with the wavelength of emission. 
Che new seintillators give pulse heights comparable to 


do not have a slow component as do 
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FIG. 4. Circuit and response of 5819 showing space-charge 
limiting of output (Fischer) 


Low-level space charge effects in photomultiplier tubes 
and some of their applications, by Joachim Fischer, Uni- 
versity of Chicago. In time-coincident measurements, 
large amplitude pulses may cause overloading of following 
amplifiers. Thus it is desirable to limit the pulse at the 
photomultiplier. By operating the anode in the region of 
dynode-10 voltage, space-charge limiting will oceur 
Characteristics of this limiting depends on input ampli- 
tude, and the anode-to-dyvnode-10 potential difference 

In Fig. 4, the pulse is obtained from dynode-10 of a 
5819 photomultiplier. This response is not a perfect limit 
characteristic, so a network has been added from preceed- 
ing dynodes to improve the saturation 

The system has been applied to a fast gate for comer 


dence with approximately 5 psec resolution 


Recent experiments at Los Alamos on afterpulsing and 
cathode resistance effects in photomultipliers, |) 
Ss. Allen, University of Hlinois, Urbana, Il.; J. Bergstein 
G. H. Best, H. b. Houtz, H.C. Hoyt, and D. W. Mueller, 
Los Alamos Scientifie Laboratory, Los Alamos, New 
Mexico | 


The ealeulations based on positive-ion feedback 
may possibly explain afterpulsing in SST9 and similar 


James 


photomultiplier tubes. The afterpulse peaks that occu 
in the order ot ', and | ywsee after the main initial pulse 
eould be due to Hy? and O 


ifterpulse peaks at later times may be due either to tons 


respectivel SeCOMUALS 
of higher mass or to a regenerative effect produced bya 
previous afterpulse peak 

Photomultipher tubes were connected to an external 
pumpmg svstem, by careful evacuation the itterpulse 
Addition of trace amounts of 


gusses gave times for the afterpulse that depended upon the 


peaks could be eliminated 
mass of the atoms. The experimental results when plotted 
show that the time interval of the afterpulse peak depends 
inversely on the square root ot the voltuge Lp pride 
In addition, there is a relation be- 


tween the amplitude of the afterpulse and this voltage 


ad between 


cathode and dvnode-l. 


In general, it appears that if positive ions are causing 
most of the afterpulsing, they must start from the region 
of the first dvnode with essentially zero energy, although 
they may be formed elsewhere in the multiplier structure 

Photomultipliers excited by large amounts ot cuthode 
illumination showed effects due to the resistivity of the 
photocathode material. This is clearly shown when the 
photocathode is excited with a rectangular light pulse. 


When the photocathode is excited with a rectangular light 
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SCINTILLATION COUNTING TODAY 


General Applications 


Aerial Prospecting 


FIG, 1. 
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, Lead smeiding 
Arrangement of 
Crystals 
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5 .¢] 5 10 5 
Lateral Displacement (Hundreds of Feet) 


Sensitivity obtained by lateral displacement of 
source and with three scintillation detectors shielded as 


shown at upper right. Aircraft altitude is 600 ft. 


with Scintillation Counters 


This system, suitable for locating radioactive ores in rough terrain, uses: 


* Two unshielded detectors and ratemeter with cancellation circuit 


* Continuously recording radioaltimeter 


* Continuously running aerial camera 


* Coding system for synchronizing the three records 


By G. COWPER 


} of Canada Ltd 
( / ( (Ontario. Canada 
\} OSPECTING for radioactive 


practicable when a number 
ire satisfied These are 
1]. Asultlicient fraction of the mineral 
wsed to the surface 
2. The gamma radiation detector is 
sensitive to record unam- 
nificant change in the 
mctivity from an altitude 
erat salety, 
3. || tot weight of detecting 
mall enough to permit 
alreraft, making this 


| 


mically sound, 
et conditions 2 and 38, a prae- 
ne detector using scintilla- 


rs Was developed at Chalk 


| ( ents had been done in the 
vears using high-pressure 
ionization chambers and 

tiple Geiger-counter assemblies. 
Phe jonization chambers suffered the 
ve of being sensitive not 


to the number of ionizing events 
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occurring, but also to the amount. of 
ionization associated with each event 
so that cosmic radiation produced a 
disproportionately large signal serving 
only to obscure the identification of 
gamma radiation from the ground. 
Geiger counters suffer a similar disad- 
vantage in that the have an efficiencs 
for cosmic ray detection that is about 


100 times that yam radiation, 


However by using a large bundle ol 
CGieiger counters with suitable anti- 
comeidence circuits, this condition can 
largely be overcome There still re- 
mains, however, the fact that Geiger 
eounters are nethicient detectors of 
gatoma radiation G-M tubes having 
a multiple-plate cathode structure pro- 
vide some improvement in) counter 
efficiency; however, this requires a very 
elaborate constructional technique. It 
was therefore decided to use a seintil- 


lation detector 


Aircraft 


There are many desirable features 
about using a helicopter, since it has 
great flexibility of movement coupled 


with a high degree of safety at low alti- 


tude. The course of a survey can be 
changed very easily, and it is a simple 
mutter to land at interesting locations 
ind collect mineral s imples 

However, there are certain disad- 
vantages to using a helicopter that itp- 
peared uppermost when the particular 
type of territory to be examined in 
Canada was considered Since the op- 
erations were to be carried out in com- 
pletely unpopulated country, it) was 
necessary that the aieraft should be 
capable of operating trom one of the 
few available airfields and not be ce 
pendent upon other transportation sys- 
tems to bring in) norma running 
supplies 

Furthermore, it was essential that 
the aireraft should have a= sufficient 
range to enable it to spend a useful 
fraction of its time over the area to be 
surveyed In addition, there was a 
requirement to cover a vet iImnrge area 
of ground ina reasonable time, making 
only a statistical sample of the radio- 
activity; this would lead to further 
investigation of the areas of great- 
est interest. Thus, the aircraft would 
fly a grid pattern at about !.-mile in- 


tervals, covering strips of ground only 
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i few hundred teet v \ t te odium iodicde t ur e the weig t 
therefore was not use t th tht e end-wind { t 


Aircraft selected. | { inted as she Fig ed one ter inste 


were used it’ first ! \ te ere ( { ( we Thi t Chi { 
later a Beecheraft 1 ectit t t thie it ( t ere t t 
because of its superior ect | { t t 
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displaced with silicone oil. A Lucite 
end cap on the eyvlinder, which fits over 
the end of the photomultiplier, per- 
mits the scintillations to reach the 
photocathode. 

The pulse outputs from the two 
photomultipliers are added and fed into 
a cathode-follower stage mounted in 
the same unit. Connection is made 
through several feet of cable to the see- 
ond unit containing the counting-rate 
The rate 


meter output is recorded continuously 


meter and power supplies. 


on a recording milliammeter.  Provi- 
sion is made for separate adjustment of 


the hotomultiplies voltages, and the 


may be operated singly so that the sen- 
sitivities from each counter can be 
made equal, 

Cosmic radiation. The counting- 
rate meter (Fig. 3) is of conventional 
design based Upon a laboratory health 
monitor with «a modified integrating 
circuit and with an additional circuit 
that cancels out the contribution from 
large COSMIC ray pulses 

In the volume of crystal used in the 
prospecting apparatus, the contribu- 
tion by cosmic radiation amounts to 
about 150 epm at sea level. It was 
decided to eliminate these pulses by a 
simple cancellation circuit. 

Pulses from the photomultipliers are 
passed through one stage of amplifica- 
tion in the ratemeter (Fig. 3) and are 
then presented to two ratemeter cir- 
cuits having sensitivities differing by a 
ratio of 15:1] The large cosmic-ray 


pulses trigger both ratemeter circuits 
while the y-ray pulses trigger only the 
more sensitive circuit The two chan- 
nels are combined at the storage capac- 
itor so that large pulses simultaneously 
add and = subtract equal charges to 


ind from the storage capacitor, The 











10 


Experimento! 


smaller y-ray pulses cause only an in- 
crease of charge in the capacitor. 

A switch permitting elimination of 
this cosmic-ray rejection circuit is used 
in setting up the equipment. The 
photomultiplier voltages are raised 
until the counting rate from a radium 
source is just reduced by a few percent 
when the rejection circuit is added. 

Full-scale sensitivity of the ratemetet 
is adjustable, but in practice the 
0-6,000 epm range has been found suit- 
able. In an uncontaminated aircraft 
the background count over water was 
approximately 1,000 ¢pm. 

Detector response. Consider the 
idealized ease of a point source ol radio- 
activity surrounded by a large non- 
active area (in trials this situation can 
be realized by placing a radium source 
on a small island in a large lake 
Then, as the aircratt is flown over this 
source, the rate meter output shows a 
characteristic pattern (Fig. 4, caleu- 


lated curve) deseribed by 


Lye vt? +h 
ree + fe 


where uw is the effective y-ray absorp- 
tion of air, v is the velocity of the air- 
cratt, and / is its altitude; the denom- 
inator is the square of the slant range 
of the aircraft from the source as it 
varies with time. 

This is the characteristic response ot 
the equipment and is theoretically 
easily identified. In practice, how- 
ever, superimposed = upon this are 
fluctuations caused by poor statistics 
from small counting rates as well as 


radiations from competing sources that 


are independent of the movement o 
the aireraft, such as local contamina- 


tion. Wiener* found in radar work 


*N. Wiener, OSRD-370 (1942). 


that for optimum intelligibility the 
transmitted pulse should have a shape 


Fit Ae t(?/ 238 2 


This Gaussian curve is very similar to 
the curve of hq | and ean be fitted 
over a considerable region 

The optimum frequency response 
found by Wiener for the detector ts 


Fw) I 


Such a detector would give maximum 
signal-to-fluctuation ratio, but signal 
arrival would be patinitels delaved 


It mav be shown that in the limit 


Be Be Lew» eo (Comet 
| 


LV amsi(nt nn + iw} 


which is the Fourier transform for the 
response of nm independent low-pass 
resistance-capacitance filters connected 
inseries. A good approximation to the 
ideal response, with reasonable delay in 
response, is obtained with two equal 
independent low-pass filters in) series 
For the case of an aircraft flving at an 
altitude of 500 ft and at 200 ft see, a 
suitable value of time constant is OLS 
sec: this vields a delay time of 2 see, 
The improvement obtained with the 
double filter is shown in Fig. 5 
Altitude. The prospecting aireraft 
carries a radioaltimeter, whose output 
is recorded continuously, and a contin- 
uously running aerial eamers \ syvn- 
chronized coding svstem puts simulta- 
neous marks on all three records, which 
are numbered in sequence and written 


down on the navigator’s chart. 


Interpreting Results 

The extent of the radioactive de- 
posits is interpreted by a detailed com- 
parison of counting rate altitude and 





source on lond 
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_Single output time | 
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FIG. 4. Detector’response to point source surrounded by 


nonradioactive area 
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FIG. 5. Improvement in detector response obtained with two 


equal independent low-pass filters in series 
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SCINTILLATION COUNTING TODAY 





General Applications 


D-C 
counters, hy H. D 
Atom 


ratemeter techniques applied to scintillation 
LeVine, New York Operations Office 
New York, N. ¥ In 
(NU, Feb ’54, 


e been developed that use a SSS6 triode 


Energy Commission 


| ~ 


garithmic circuits p. 36 


eter circuit This circuit is used with a 


Du Mont photomultipliet and 
10-lb serial surveving Instrument 
» driven directly \ 10 


r one resistor in the cireuit. 


neter 


range Is 
win 

Application of scintillation counters in radiobiology, 
\. Krebs, W. Parr, and S. Bush, U. 8. Army Medical 
Labor: Fort In radiobiolog 


ntillation counter 


tor) Knox, Ky. 


has been concerned wit! 


develop air-equivalent scintillation phosphors 


mensurements with beta and arin 


dose 
for the establishment of a universal physica 
for all ionizing radiations and (2) studies of 


ind energy migration mechanisms in 


isystems. 
started 
ntillators. Jn 


to study the 


performance ol 


vivo measurements are 


11 in close proxin itv to beta and gamma 


the mechanism of biological radiation 
biological Col 


radiation 


the luminescence ot 
bombardment of high-energy 
-et-up, by means of the sample change) 

e¢ measurements of solvent and solution 


Table l. 
than the solvent. 


Al] solutions show a lowe 
studies with tryptophane, ascorbie acid 
howed that with increasing concentration 
lecreases in all cases \ formal quench- 
he easily calculated with the Stern 
uit it seems desirable to study first in 
radiation conditions, 
wy irradiations biological compounds 
»eTfects ot 50-ky X-ravs on then 
lied. With | the 


dose. 
ttophane was decreased and that of ascorbi 


renkoy 


lumi- 
Incrensing iuMmil- 
‘ase reaching a saturation 
solute molecules were apparently de- 
the 


decomposition curves indicates that the 


parison of luminescence efficiencs 


roducts contribute more than anticipated 
onizing radiation. 
xposed to 50-kv X-ravs 


and an 


etiects at 
1I ‘ shows a decrease 
Incrense nm 


riboflavin 


X-rays show a de reasing luminescence 


solution 


hHescenee Ink aleohol 


Suspensii Studies of irradiation of 


ith J0-ky 
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TABLE | 


Gamma Bombardment 


Amino acids 
Cilyeine 

| “CVstine 

HC] 
DL-phenvlal 


| plie nvial 


Cysteine 


iB) trvptoph 
L-tryptoph 
Nucleic acids 
Adenylie acid 
Hypoxanthine 
C'yvtosine 

RNA 

DNA 
Thymine 

Uru 
Enzymes 
Rennin 


nerd 


im Viase 
Mylase P 
| ise 
r- HL TV Lise 
Hormones 
listronme 
Progesterone 
Proteins 
Human 


Hum in 


ill thin 

-globulin 
globulin 

60°) albumin 
Vitamins 


Riboflavin 


\ 
Vicotinnmide 


Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 


Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 
Neutral 


Ne utral 
Neutral 
Neutral 
Neutral 
Neutral 


Neutral 


Neutral 


Neutral 
Neutral 


Neutral 


Alkaline 
Alkaline 
Acid 
Acid 


Concer 


fration 


Mil 


j 
mil 


mil 
! 
, 
mil 
mil 
mil 
mil 


mil 


Olmg 
lmg 


Olmeg 


9) onal 


ling 


O.OL mg 
O.l mg 
O.Olmg 
O.lmg 
0.0L mg 


Luminescence of Aqueous Solutions under Co"” 
Krebs, Parr and Bush 





with 


with increasing dose 


chrom and ol 


lumifer 


and 


the observed el 


inves 


mia 


increasing concentration and increasing luminescence 


tiboflavin is decomposed into limi- 


be 


33 








caused by the produ 


; TABLE 3-——Test-Run lodine Double Tracer (Hall 
Himinescence mre 
luminescence efficiet 
With the nerea 
tucied, the 
solute svstems are ¢] 


structural difference 


Applications and requirements of scintillation counters 
for medical radioisotope laboratories, Pheodore 
Fields, V. A. Hospital, H | 
underlying all routine 
Instrument operatior 
minded operating pr 
nurses, M.D.’s): extre 
volts often observe 
ieceptable accurae 
Table 2 satisfy these 

Many of the test 


of counter if their cl 





counte aid consider 

posure hazard inheres 
Future improy 

characteristics 


Chemical element analysis of radioactive mixtures 
in biological materials, 
Kettering Institute for ¢ 
Applications otf 
tracer and neutrotr 
radioactive miuxt 
separation 
Phe mixture 
Isotopes inthe 
comparing the 


ill the combinattor 


TABLE 2. Some Routine Clinical Radioisotope Tests and Characteristics of Applicable Scintillation Counters (Fields 





Phy rove 


Fhiid volume 


Semiroutine tests 
Metabolism 
Cell mass 
Clearance 
Cardin 
Brain 
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TABLE 4- Biopsy Measurement, lodine Double-Tracer 
tigers" Experiment (Hall 
No? Vateria k./( Vateria a, 
Injection 1.32 Tumor 0.96 (). 17 
Blood * 0.99 Breast 4 1 OS 0 12 
Blood 0096 Breast O47 O13 
Skin 0.95 OSI 
*Counted Li minafterinjection, tCounted 1 day after injecti 
, K 
F TABLE 5-- Test Run ‘‘Biological’’ Mixture of Fe, Zn and Co 
ae Hall 
v S-] Ve ( V/ 
4 ¢ 4 3 ( ( Vi 
y \ 1 Sur ley Nyy 
| ep . | 
DECAY of radioisotopes in biological material (Hall) oe 0 InG OO 
he if 4 iy } » 
In neutron-activation studies, the material to be ana- 71 O08 a4 O GIS ON 
( eed in a pile, along with pure samples of its Co 0 OOO8 Os 16.7 OOS 0.38 
tituents. The products are measured by simultane Mixture OL Fe ISS 0.062 105.6 0.448 
height and coincidence analysis, using ty 0.01 Zn 
2 stals and a coincidence analvzer modifi 0.0002 Co 
hannels 
lation for comeidence analysis is nterval, and k, ratio of ain the mixture to a inthe pure 
R & IS R standard. 
( ( S.%4 The figure shows that Fe, Co, Zn, Na, K and Cu should 
P ( ( s% be measurable in normal biological material and Sb, Ag 
e I ( wy Br. Cs, He and As when present at 10 gr em 
Results are given in Table 5 for a mock-up mixture ot 
ere h¢ . mre constituents of the mixture J, S Fe, Zn and Co, simulating | gm of normal tissue atter 50 
we etrie iverage counting rate in one crystal (no days pile irradiation and 30 days cooling; running time x 
ence) for the vial containing pure element a, S’ Shrandt 0.45 psec, 
- \ SN vith B denoting background. ¢ commeidence In the discussion, it Was mentioned that neutron studi 
( single-event coincidence rate, ¢ COMMCLUETICE re ¢ vpected to be made with the Brookhaven reactor 
Phos phe dD mination S 
( Phospho dimension Geome / ; Bael ound " hia ) 
eflicier Vie 
Scanning Nal (TI lig xX 11 1x 10 SSO 150 0.563 2.8 gin em? 
We Nal(Tl 2x l 132 250 OO. 3603 nome 
Scanning Nal( Tl 1 I', Th. 170 10 10.000 1.000 O.363 2S gm oem 
\\ Nal(TI 2 2 l 2.000 300 0.363 non 
We 2 2 ! 200) 150 
\W y 2 l 2 OOO SOO 
Scanning 1 > I', O.0O14 500 200 
Sear yg | I', 0.014 > x 10! 1,200 
Need] le v4 l 500 250 
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SCINTILLATION COUNTING TODAY 


High energy and cosmic rays 


Large Scintillators, Cerenkov 
Counters for High Energies 


Shower data from measurements of C, Al, Cu, Sn, and Pb are used to estimate 
the size of counter needed to obtain narrow pulse-height distributions in useful 
scintillation materials. It is possible to extend the ‘total absorption” 


spectrometer principle to higher energies, and Cerenkov counters can be used 


By ASHER KANTZ and 
ROBERT HOFSTADTER 
Department of PI ” 
WW. Hansen Laborat 


ments 
risgwnet ry 


Thu 


Why Instrument is Needed 


\lan eX Peri 
high-er 


mient ¢ 


iagnet 
another 

the s¢ 

whose operate 
urement of the 
of each of the pr 
electrons ari 
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magnetic sper 
Measurement ¢ 
electron or po 


36 March, 1954 - NUCLEONICS 








} 
| 
| 
| 


















































\ 























A 

\ ™ 
Approx. position \ NY / 
second monitor.) 3% 





| 


/ 
/ 


; 
Probe crystal! 





_-Probe photo- 
ew oc muitiplier 


~—Lucite light pipe 


| —— ~—Probe plote 
ne s ‘ 
- ; i geil 


+ T : ~Beom axis 
U 





/ + 
*) Pd 
+. 1S --Lucite 
" e light 
iit pipe 
; » 
i| , 
| 








FIG. 1. Apparatus used in making shower measurements 


ind hence the energy of the original 


particle) will be proportional to the 


tots rmount of light produced, The 


height of the pulse emerging from the 


photomultiplier may then be expected 
to be proportional to the original en- 
ergy of the particle. In other words 
by transforming the kinetic energy of 
the particle into that of a great many 
less energetic particles of smaller pen- 
etrating power, the whole energy of the 
particie mia be retained ina relatively 
sma olume (erystal) and there ex- 
amined by rtue of the light produced 
In practice the ervstal will be buried in 
ng An Opening none end 
for entrance of the incident particles 
At the present moment the method 


proposed has been essentially untried 


lor } ire] practical reasons: (2 Inge 
erystals have been relatively unavail- 
able b) large volumes of liquids are 
eithe not dense enough or very costly 
‘ irge transparent specimens Of suc- 
cessful Cerenkov materials, while pas- 


sible in principle, have not been pro- 


duced, (d) large photomultipliers have 
on recentiv. been developed and are 
becoming available, (e) the methods of 
collecting light from large counting 


volumes have not been developed in an 
economic way. 

But the idea is still attractive enough 
to warrant Investigation We have 
carried out measurements with elee- 
trons from the Stanford University 


linea iecelerator at an energy of ISS 
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Ney While electrons of higher ener- 
cies Will be available in the near future 
these results should be representative 
of the present energy ranges in greatest 
Use Moreover. the de pth of crystal 
material needed for higher energies 
varies only as the logarithm of the pri- 
mary energ 1) and the linear dimen- 
sions do not incrense, as with a mag- 
netic spectrometet in proportion to the 
energy. itsell, Thus to capture 900 
of the total energ ofa primary elec- 


tronof ISS Mev in Nal(TI, the ervstal 
would have to be approximately 10 
inches long and 10 inches in diameter 
\ 10-Bev crystal should be only fou 
times as long and probably not as large 
as four times the diameter. The 10- 

1 


Bev ervstal w I course, serve for atl 


ower energies 


Method and Results 


The primary question is “ How muel 


energy is lost ineach volume element o 


a given absorbing ervstal ¢ 


r liquid?’ 
The most usefu nd practical ervstals 
ol liquids i ot simple elements of 
the periodic <Vastem However, the 
data for a useful material can be ob- 
tained eas by composition of the re- 
sults for its elemental components 


Hence an stigation © 


i represent i- 


tive group of elements will suffice for 


most common scintillators, particular! 
since the shower characteristics do not 

ny rapid] th atomie number In 
some causes, for example, anthracene or 


Nal( Tl). the seintillator may be fairly 
well approximated by its chiet constit 
uent, e.g., carbon or todine respectively 

Contining our attention theretore to 
elements alone, we shall study the 
following representative ones > ¢ irbon, 
Phe 


experimental technique emploved ts 


aluminum, copper, tin and lea 


practically identical with that reported 
In a previous investigation of electron- 
induced showers Ih Copper 4 For 


these elements, Fig. |. we have placed 


a seintillation-counter probe of small 


} 


size Into a eviindrical cavit vored ima 


plate of the material nvestigated, 


This so-called * probe plate ione ofa 
set ob many plates of the material 
studied. These plates are stacked 
serially so that the probe plate be 
interchanged with any ind lual plate 


Figure | also shows the light) pipe 
that carries the light emitted by the 


probe to the photomult plier A «l-e 
amplifier connects the photomultiplier 
output to the imput terminals of 
automatic recording equipment Two 
monitors buried in separate monitor 


plates keep oa record of the primary 


electron beam intensit it all times 
The probe data are taker multi 
neously with the monitor data and all 
are recorded automiatical Phe nor- 


malized probe data are obtained finally 
by forming the ratio of the probe and 
monitor readings \n eontribution 
of Cerenkov radiation in the light pipe 
is alwavs subtracted out (2 

The basic data are obtained trom 
the so-called radial curves Such 
curves represent thre rato i proke 


reading to monitor reading iwhous 


radial positions ina definite plate ata 


given depth in the pile Figure 2 
show the data obtaimed in radial run 
Figure 3 shows the radial runs observed 
Indair without the pile plates in position 
The test runs of Fig. 3 were taken to 
show that the radial spreads are not 
due to the original beam divergence 


but to an actual spread ot the beat by 


shower production, For exch material 
stuclied a special chase rote trignte 
rial was emploved The sim has been 
to mnuke thre prole ~Irmuiate or be 
identical wit! the mater nye 

tigated so that t «does not show 
“contrast” with the materia Probe 


materials are also selected with an eve 
towards the slowness of decay ot then 
luminescence; the pulse d nature of the 
electron beam is respons ble tora choiee 
of “slow” seintillators to avoid space- 


charge saturation in the photomulti- 
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FIG. 2. Radial curves at 185 Mev. Nu- 
merals attached to curves indicate depth of 
probe plate in radiation lengths, Zero 
depth means just in front of the pile. For 
lead, probe crystal was cylinder of diam- 
eter 0.125 in. and thickness 0.1 in. 
other materials, probe crystal was cylinder 


of diameter 0.25 in. and thickness 0.125 in. 
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\ more complete discussion of x incident beam trons. The interest in using a large 
tha em of probe choice is given in eames : crystal as a total-absorption spectrom 
erence (2 t oir eter lies, however, in the ecrvstal re 
We] ( easured all lengths in this 4} ahora gh 30 in sponse to individ high-emne ele 
terms of a unit called a“ radia- = of air trons, or gammarays. It is possible to 
t engt This umit is commonly s estimate the crystal performance for 
el ec ! ~howel theory. The c individual events bv noting the fact 
eon this page shows the radiation = 3 that the radiation escaping from. the 
t is materials in terms of a greatest depths of the scintillation ervs 
y iiso im centimeters fo 2 tual must be of the maximum penetrab 
t ensities = it lo in given ite this is 
the radial eurves of Fig, 2 a gamma radiation lving at the minimun 
‘ energ Oss Within «a plate can y of the curve ¢« ibsorption er s section 
tained by numerical integration 8 versus energy of the gamma ra kor 
( lint energ loss over the dif- ead the minimu ‘ l it appro 
ent eus of the plate. When the | rasite > MM In tl eC, au same 
energ ss in a plate is plotted ple of lead 14 radiati engths long ane 
exinst dept so-cntled “ transition’ ol | ae : 14 radiation lengths i rneter WwW 
‘ alot ned Transition curves ni ° 10 capture on the iverage 9067 of the en 
Radius (cm) 
thre ous elements investigated ergy ot a single primi electron of en 
n in Figs. 4 and 5. By nu- FIG, 3. Radial spread in air of incident ergy 200 Me hig An average 
eration over the interme- beam of 1067 of the energy « ipes from: the 
( re we can find the en- ervstal in 3.7 pareels (gamma rays) of 
erg tht any circular shell making transition curves, the sensitiv- 3.5 Me prec The statisties of the 
Tl { e given in the form of ity to beam shape na the assumption fluctuations in the number of escaping 
v R Figs. 6-10 The made for d/ lr, the agreement Is quite gamma ravs can. iv ipprovtmated 
f the blocks represent the en- satisfactory in all eases, except In cop- roughly by a Potsson distribution 
erg . percentage of the total per. It seem juite kely that the Whose mean lies at 3.7 gamma ra 
energ << in the stack, inthe individ- 30% discrepan = due to beam shape Upon making such assumptions for 
zones of revolution about — effects at the beginning of the shower lead and tin (absorption minimum of 
thi beam axis, This point merits further consideration the latter at 4.0 Mev) the pulse-height 
| mi the lial data or alternativel) . frequency distributions (Pig i2. is 
ies. 6-10. we ean form the so- Estimates of Performance can be prepared. These curves ind 
soenerget * curves ot big The data ol | gs, 2 and t-1ll otfe) ente the tvye ob putse-height a stribu- 
Phe isoenergetic curves show at a a basis upon whicl to estimate the per- tions to be expected if the fluctuations 
r e hi rve a evlinder is required = formance — of irge scintillation = (or in the number of escaping gamma rays 
ti pture on the average a given per- Cerenkoy) counters in the neighbor- provide the principal cause of the w wlth 
centage of the total shower energy hood of 200 Me It may be noted in of the actual pulse-height distributions 
We |] e attempted to make an ap- one of the preceding paragraphs that There will be an additional contribu 


te energy balance similar to the we have used the underlined expression tion to the width because of the statis 





one ed out previously 2 We “on the average.” Since the data are tical fluctuations in) the number of 
( sumed that a range can be com- taken by d-e techniques the lumin- photoelectrons appearing at the photo 
ited from the total energy (185 Mey escence observed in the probe scintil- cathode of the photomultiplier li 
the differential energy loss, dE/dx. — lators is indeed the result of averaging Nal(Tl) is used as a seintillator, a 
( osing ich a computed range and over a large number of incident elec- 200-\ey pulse will result in a light 
the i ient empirical value of dk dr 
ed at zero thickness on the 
tion curves of the various mate- 
nn cain calculate om eoen hak te Basic Data and Radiation Lengths for Five Elements* 
ect comparable with the area 
inder the transition curve. It is to be X Der 
nted out that this type ol check on Substance Z \ gmycm Io( Mey ’ 
energy balance is very sensitive to the 
ipe of the incident beam. By using Carbon 6 12 52 120 15 S47 
the value of dE ‘dx at the minimum of Aluminum 13 27 26.3 52 2 70 Qs 
the collision loss curve for electrons we Copper 2) 63.6 bd 22.4 So 1.4 
ve obtained checks as follows: Car- Tin ow) 118.7 5.9 12.5 s 1.22 
theoretical area 0.5% high; alu- Lead 82 207.2 5.9 ¢.8% daionte °.—- 
num, theoretical area 3% low; cop- * According to reference 6. In this table, Xo is radiation length in gm /cm?; Ep is critical 
Del theoretical area 50% low: tin, density without density effect; / is the radiation length in em for material f standard 


theoretical area 15% low; lead, the- densities. 
+ Commercial graphite was used in these experiments 


aoe PY Ctdititiates 
ul area 1.8% low, onsidering t Including correction to Born approximation 


the numerous integrations required in 


Vol. 12, No. 3 - March, 1954 39 























= T 
‘a, gies A — * 
aa onsit * eod 
- —~ . urves 4 
“” X * 2 
- ~ it ee | 
\ » rm, 
c a » ° 
) 4 . = . ry ~_ 
‘ 
a \ ” 
i 4 * > 
°o \ ‘ i Mev ~~ 
c . > 
= fr *% S 
a4 ‘ * ont ~ 
re pe 
a X 
( 
= > > 
Ad Al X 3 
my A a y 
° . 4 
¢ 
15 ¢ Ay 
< 
se > . = 
o . . ~~ 
a ‘ ‘ x 
c ‘ 
lJ 
> 
| > . . . 
° " > hs p 
o 
4 
\ ‘ 
~ a. a . 
be 3 3 a 45 2 3 
} th (Ro t enoth 
e dia 3 




















FIG. 4. Transition curves for five materials FIG. 5. Early parts of transition curves 
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FIG. 6. Block diagram for carbon at 185 Mev tle compressed at high values 
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A rough approximation to the be- 
havior of Nal(Tl) at 300 Mev can be 
obtained by using the data for Pb at 
185 Mev by the similarity rule. Also 
carbon at 2.4 Bev corresponds roughly 
to Pb at 185 Mev. But this extra- 
polation must be treated cautiously. 


Collection of Light 

There are at least two approaches to 
the problem of light collection in the 
case of large scintillators: 

1. Use of one large photomultiplier, 
or equivalently a large number of 
smaller photomultipliers. 

2. Use of one small photomultiplier 
in a scheme similar to the “integrating 
sphere” method of photometry. 

In the first method a “brute force” 
attempt is made to collect all the light 
from one large face of the scintillator. 
There would seem to be no objection in 
principle to this method provided that 
large photomultipliers are actually 
forthcoming. This seems quite likely 
since 7-in. diameter photomultipliers 


have already been produced. 


One ad- 
vantage of this method is that low- 
energy gamma ravs from radioactive 
sources such as Co (1.17, 1.33 Mev) 
can be used for calibration purposes, 
In the second method a *peephole” 
in the large scintillator, to be = sur- 
rounded preferably by an efficient dif- 
fuser and seatterer such as magnesium 
looked) through — by 
the small photomultiplier window. In 


oxide, will be 


this case a large loss of intensity will 
occur because of the numerous reflec- 
tions that will take place before the 
light can emerge from the peephole. 
Perhaps a factor of 10 or 20 may be 
lost in this way. Insuch cases the use 
of radioactive calibrators will not be 
successful, but optieal uniformity of 
the pulses should be quite high. 

In the first case, it is also expected 
that the optical uniformity of the pulses 
will be satisfac tory because the shower 
takes roughly the same path in the 
crystal for each event. In the case of 
nonuniformity of the surface of the 
photomultiplier, the method of Hudson 


and Roser (5) will be of help. 


Linearity 

In the case ot relatively small coun- 
ters for high energies, for example, rt 
10-in. long by 10-in. diameter Nal( TI) 
crystal for energies of 500 Mev, it is not 
expected that the mean or most prob- 
able pulse height will be a linear fune- 


tion of the energy. On the other hand, 
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FIG. 7. Block diagram for aluminum at 185 Mev. Scale compressed at high values 
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FIG. 8. Block diagram for copper at 185 Mev. Scale compressed at high values 
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FIG. 9. Block diagram for tin at 185 Mev. Scale compressed at high values 
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FIG. 10. Block diagram for lead at 185 Mev. Scale compressed at high values 
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results obtained 
thallium-chloride crystal 
used as a Cerenkov counter con- 
firm the data presented in this 
article. The crystal was 31%. in. 
in diameter and 5 in. long, was 
tapered at one end due to the 
growing process, and had a den- 
sity of 7.0 gm/cm. 

One would expect to obtain 
several hundred photoelectrons 
at the photocathode of the multi- 
plier tube for each event occur- 
ring in the crystal at the energies 
considered here. The results ac- 
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Hence 


should be 
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dete ected 


ength of all large 
to be 
of radiation 
engths is already so large that the ad- 
little differ- 


More MAKES 


rth of the sample. 


{ { { { Ly 

It is also quite possible to insert a 
t ~ 2.0 lead or uranium radia- 
+ + ] 


f the large-volume scintil- 
radiation 


and 


prom Css 


always from 


Experimental Confirmation 


tually obtained are shown in the 
figure at right. These preliminary 
measurements show some _ non- 
linearity at the highest energy, 
probably from tube saturation. 

Other possibilities for such a 
Cerenkov counter are dense glass, 
with a density of 5 or less, and 
lead fluoride, density as high as 
8. Lucite or plastic phosphors 
would have to be 10 ft long and 
14 in. in diameter for 90% cap- 
ture of energy at 185 Mev. 

(This work was carried out by 
J. H. Fregeau and R. Hofstadter.) 


racties point Phe loss o 
energy in the radiator is quite sn 
Conclusions 

It is expected with some contidence 
that the methods outlined here will 
eventually vield suecesstul counters or 
high-energy particles and quanta. In 
fact it is higl probable that some 
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the light pulses will still be very 
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also seem to have definite possibilities 
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FIG. 12. Rough prediction of pulse-height 
distribution in lead-and PbF, at 185 Mev. 


In PbF» statistical fluctuations of photo- 
multiplier photoelectrons cause added 
width, Width may even be greater be- 


cause gamma rays of energy larger than 
3.5 Mev may escape 
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FIG. 13. Rough prediction of the pulse- 
height distribution in tin at 185 Mev. Tin 
is @ good approximation to Nal(TI). The 
width may be larger in the event that a 
significant number of gamma rays > 4.0 
Mev escape from the sample 
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a 
and oa tinteria like Phl eould 
principle, provide a spectromete 
energies as high as LO Be Such 
erystal would probably not | e to 
longer than about SO em te 
em in diameter, 

No consideration has been given 
particles, such as mesons or proton 


that do not engage In shower produ 


tion in a primary was kor these 
ticles one also needs large 


in this case it is probabl preterable 


use stopping materials of medium 
atomie number since the collision loss 
is fairly high (1.6 Mev gem em?®) and 
densities can be obtained in the neigh 


borhood of 5 on 


While total absor ption spectrometers 


oO gm em 


will be smaller than magnetic measur- 


ing devices, their weight and size will 


not be negligible. The ervstal itself 
will weigh from 10 to 200 |b \lore 
important, however, the shield will 


probably welgh atonorso 
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SCINTILLATION COUNTING TODAY 


High energy and cosmic rays 


Large-Volume 





Liquid 

Sci nti | ators FIG. 1. Scintillation counter of 300 liters volume 

Their Applicat 

© Efficient detection of neutrons, gamma rays, and lightly ionizing charged particles 
is provided by the 300-liter scintillation counter described here 

* Applications include cosmic-ray measurements, neutrino detection, and determina- 
tion of natural radioactivity in human beings 

* Rate at which data is collected compensates for investment in photomultipliers 


By F. B. HARRISON, C. L. COWAN, Jr., and F. REINES 
Univers ly of California Lo | ‘ / ( 
Los’ \lamos, New Me 


LARGE VOLUME liqu tillation 2. 3 t { es Phe detect 

counters have many desirable pro tion in the region of 10> se cle trons ot energies en hig 
erties. Characteristi t ulse size t uy bo e to 100! t 
we have built (7 ) are ( ot ew hundred t Lhe v M ! ( 

1. lurgwe sensitive ( ( vitl ting tact the time tor collection 6. Ina solution cont rig ( 
miass of material in wl ne t i f light t } tillato I trol ill give twe ilses. t ~t 
be detected that ore whit if 4. suc! if ce has a high ett eney hemg le te ( 
greater than that ava ( ! thie { etecting gamma ra It the tot vy ture 
tvpe ot counter In some f ent: ( i r iryver t n ! il ( 3 ( WwW 
particularly those ou ny SI ee patl there is a good chanee t is | 
ravs, Where the bear t the energ ( vitl v nt 
collimated, this gives ( ny I ( ptor S1OnS that uv ing 
vreater counting rate easured spectrum will be simpler parte y ma hneut 

a. A pulse-height ( t ! ( { t thie ralnars secint ition | the time t 
quate ton rough energ ( ement ectromete t to the te VI 
and for disertminating gainst ll 5. It Oss e to incorporate in yould be ll mn ( 
wanted events, has beenachieved. But letector a neutron ipturing the first pulse might et el 
resolution is not comparable to that wl idmium sto de- tering particle or to charged particles o 
a Nal seintillation spect et tect neutrons by their capture gamma eamma s from the star—the 
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——— a — siaeieall 
t be fast to give delaved through nonoverload amplifiers to a yee | ‘ 
st delaved coincidence set that has two [| -——_— etect | os 
: N sets of gates, one labeled “first pulse” ce \ | 
| eutrino Counter ; — « 
and one “second pulse see Fig. 2 
\ scintillation counter, developed at [f pulses appear simultaneously from 
iF \ ms Te the detection of the both banks, each in the right pulse- 
neutril has many applications to height range, they will trigger the “first 
other measurements, for example in the pulse” circuit, and similarly the ‘‘see- 
Heid OF COSMIC Tavs We have at pres- ond pulse” circuit Pulses from these 
ent t detectors, of 300 liters volume, — two circuits are fed to the time delay 
hape of a circular eylinder 75¢m — analyzer, which gives a count any time \, 
eter and 75 em high (Pig. 1). a “first pulse’ is followed within the . 
ne of the counters is of mild steel, the range 1-10 wsee by a “second pulse,” 
Stainless Stainless steel is indicating into which one of 1S chan- 
to be preferred as a construc- pels 15-ysec wide the time delav be- 
t terial because it eliminates the — tween the pulses fe The two sets of 
ty « ontamination by rust pulses are also used to gate a 10-chan- 
‘ sic oating of the tank Is nel pulse-height analvzer that can be 
nted white; this was found to work = cet to measure either the first or the 
than a specular reflector such as 





second Ola pair of DULSes 


Kither «a commercial 


nt made up of TiO Fillings 





ter wlass has been found to give We have us two l ngs, one of tol 
Pave uene-terplhe nVi-anaphtl phenyl OX- re 
hye letecte has 90) photomulti- azole (aNPO). and one with the same 


FIG. 2. Electronics for detection of par- 
ingredients plus methanol and Cd pro- ticles producing delayed coincidences 
plonate The propionate was the only 


ther SSIs or 6292's, arranged 
t { tw nher ith it rensonably 


The tubes are con- Cd compound found that was soluble in 





t, — s, and alternate spirals the scintillator. did not quench the probably better in a small volume 
necte together to form two fluorescence or absorb the light) too Because of the nonlinearity of the scin- 
These two banks are run in drastically. and did not affect the othe tillator response to heavily ionizing 
e ft reduce the effects of compounds The actual mixture used particles the a-partiele from the 
ferpulsing contained 7!.°) ypionate, and — B!’(n,a) reaction only gives light equiv- 
Origit e used each photomulti- 14% methanol, whicl s necessary to. alent to that produced by a 120-ke 
{ eh-voltage capacitor aC set the propionate into solution. For — electron. This means that even when 
“ t hie itput it these gave trouble by this solution the ratio of the number of the 4S0-kev gamma rav is captured, the 
t breakdowns. With the pres- Gq atoms to Hatoms was about 0.003. — total pulse is equivalent to 600 kev, at 
aaa nvement. the eathodes are It is important t <e anhydrous Cd which level the background in ou 
thre nodes are tied in puar- propionate. and to remove is much counter can be severe Capture im Cad 
the tubes are balanced for water as possible from the solvents be on the other hand, produces a total of 
‘ ( by means of a resistor that fore mixing: otherwise a hydrate is 9 Mey, usually divided between three 
surplus voltage between the formed that separates out as a second to five gamma rays These gamma 
le and anode, where it does liquid phase rays would be likely to eseape from a 
t t the gan We felt that Cd was preferable to Bo small scintillator, but are detected in 
\ thir opper sheet is put around in a large seintillate vhereas Bis ours with high efficien enabling us to 
the tside, supported by the two 
v to s¢ ‘ is an electrostatic 
to protect personnel against 
{ rt oltawe 
\\ e been primarily interested in 


hye letection of the neutrino, which 








nteracts with a proton in 2 
the nt ito producing a positron = 
v Me nd a neutron of a few 2 
its energ The positron is de- 3 
tect prompt the neutron ai few 
econds ter bv virtue of the 
pture gamma ravs We j ; 
there! C 1OOK Tol delaved coincidences, O 3 4 5 € ? 8 9 e) 2 


th a time delay and second pulse size Capture Time f (u sec) 


to those produced by a fast 











EG! FIG. 3. Time-delay spectrum for neutron captures in liquid scintillator containing 
The pulses from the two banks go cadmium 
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FIG. 4. Pulse-height spect: 
liquid scintillation counter 
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FIG. 5. Pulse-height spectrum due to cosmic rays passing through 


large liquid scintillation counter 
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sible to tolerate the re 
tr insit-time spread in the | 
tubes such as the K1I19S, the cost 
down from about $4.00 to about 
per em of ¢ ithode aren 
stantial savings should be 
As anvone who 
collected data at tl 
so per hour knows 


portant factors 





sibility of a cosmu 
the expected counting 


that many cases exist 


In counting rate 


scintillator w 





make its construct! 


Another importar 





scintillator ts 


detection ot 











ind partieuha 


FIG. 6. Pulse-height spectrum of decay electrons from u-mesons. Background indi- Mev, where other t 


cated has not been subtracted from data plotted relatively inethcient 


esting possibilities 


I nsurement oO 





Assuming that the 

ito an electron and 
the end-point energy of 
-53 Mev. The maximum 
tron of this energy in 
is 35 em, so that there 
it a decay electron 

» tank over its whole 
he measured pulse- 

f second pulses, when 
quired to be greatet 
The ower line shows 


d due to chance coinci- 











were taken in three : 
FIG. 7. Time-delay spectrum of u-meson 


hours running time 
Snipa. ’ decays 


bout 40,000 counts. 
rue energy spectrum It 


correct the measured 





of electrons urement of the u-n on mean tite, since 


bremsstrah- that would require an indepe ndent cal 


correction for the res- ibration of the measuring system. Next month oe 


uinter, which should 
Mav half-width at 50 Body Radioactivity a comprehensive Special Re- 


sa _ ort on 
mportant These ceorrec- rhe high sensitivity of the aetector P 


we the shape of the spectrum, to gamma ravs has been used to meas- 
not ippreciably move the ure the natural radioactivity of human Research Reactors 
beings (9). Most of the activity can be 
ek on the functioning of the ascribed to K4", occurring to the extent including discussion of all 
inalvzer, we measured the 9 of about 107° curies in the average per- aspects of this growing field 
of the u-meson. Figure 7 son. The determinations can be made use and experimental re- 
results of a measurement ina few minutes and offer a method of quirements, current designs, 
sume time as the data for measuring levels of activity well below materials, location and se- 
lysis of the data gives — tolerance, curity problems. Present 
2.10 + 0.02 psee, to be 
the value 2.12 + 0,02 Conclusions 
Bell and Hineks (4) for the In a detector such as ours, the most 


mixture of u-mesons in carbon, expensive item is the photomultipliers, 


status of plans for research 
reactors in the United States 
will be reviewed. 








t he ft iken asa new meas- which cost about §5.000 If it 1s pos- 
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SCINTILLATION COUNTING TODAY 


High Energy and 


Cosmic Rays 





The response of Nal scintillators to high-energy 
lr. Bowen, De f Phys University of 


ntiliator as 


mesons, 


) 


ev 


en dete 


vw 
VN 


Probable Loss 











slated 


COMPARISON of results for Nal sc i rs rve 
by Sternheimer (Bowen) 


calc 


Detection and energy classification of charged parti- 
cles from photonuclear reactions, D. J. Zafl 
College, Ame | 


Nik ‘ rotor 


Investigation of techniques in coincidence counting 


with millimicrosecond resolution, (; \. Mint 
National 


i differential cou 


Burenu st \ 
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to the 
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De Bened 
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SCINTILLATION COUNTING TODAY 


Spectrometry 


Total-Absorption 


X-ray Spectrometry FIG. 1. Sectional Proven = total lait X-ray 


spectrometer. Typical cascade interactions resulting from the 
absorption of one X-ray photon are pictured 


Application to Detection efficiency larger than 80%, 


Exp 


By H. W. KOCH and R. S. FOOTE 
Cone 


1). ¢ 


fODIDE scintillation spec- 
s been built that can meas- 
nergy of individual X-ray 
he range from !5 to 50 Mev 
gv resolution better than 
i detection efficiency larget 
The spectrometer Is 
ibsorption spectromete 
vidual X-ray photons that 
ice are almost totally ab- 
scintillator The absorp- 
na light pulse The mag- 
majority of the light pulses 
mal to the N-rav photon 


Physical Characteristics 
shows a schematic diagram 
1 iodide crystals and light 
The S-in. long by 5-in. 
ntillator is composed of two 
ervstals. Four DuMont 
multipliers detect the light 
crystal. Voltage pulses 
ght photomultipliers are 
tain a single voltage pulse 
to the total eleetronic en- 


( expended in the two crystals. 
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combined with energy resolution better 


than 11% from '» to 50 Mev, make 
Betatron 


this Nal(Tl) spectrometer ideal for 


betatron experiments. The unit is de- 


eriments scribed, and NBS research outlined 


Figure 2 shows a photograph of the along the axis of the spectrometer 
spectromete! with the relevant compo- crystals. With approximately this ar- 
nents labelled. An access hole through rangement for all photon sources, volt- 
the electronic chassis, photomultiplier age pulse-height spectra were measured 
array, and glass of the erystal con- for monoenergetic gamma rays by indi- 
tuiners permits a °4-1n beam of X-rays vidual detection = of photons using 
to be admitted to the ervstals without single-channel and multi-channel dif- 
appreciable interaction with interven- ferential analyzers (1). A typical ex- 
ing materials ample of the spectrum obtainable with 
Figure 3 shows the details of the the two gamma ravs from cobalt is 
erystal containers and potting proce- — shown at the left 
dures used in our laboratory Further If one defines the energy resolution 
details are reported elsewhere (1). of these pulse-height distributions as 
the width at half of the maximum in- 
Operating Characteristics tensity divided by the pulse height at 
When used for measuring X-ray this maximum, then one can sum- 
spectra, the spectrometer is completely marize the pertinent results with a plot 
surrounded by a 4-in. lead shielding — of energy resolution versus gamma-ray 
wall. A !.-in. diameter hole in this energy (Fig. 4 The corrected experi- 
wall is used to admit an X-ray beam mental data (open-circled points), to- 
gether with theoretical data (7) show 





that the resolution has a minimum 
value of 6° at about 3 \Mlev and is 
less than 9% from 3 Mey to 40 Mev. 


General Applications 
Numerous applications of total ab- 


sorption spectrometers to nur lear phys- 








ics research should arise because these 





; spectrometers have: 

PERFORMANCE of total-ahsorption spec: 1. A detection efficiency of almost 
trometer is indicated by pulse-height dis- 100° 
tribution produced by Co"”’ gamma rays Oe 
when 5-in. crystal 4 in. long is used 


The high detection efficiency 


of total absorption spectrometers 1s in 


51 





FIG. 2. Assembled spectrometer 


strong contrast f 
such 
spectrometers 
ethiciencies ot 
This feature is very 
experiments and makes po 
ot good veometries and 
The constancy of t] 
cleney at close to 100 
photon energies Was 
recent experiment 
rays from Ba 
the ratio of the number 
360-kev gamma rays W 


tal spectrometer mice 


te a iratel Col rsion el 

e] for the S2-kev leve 
2. A pulse-height distribution for 
monoenergetic X-ray photons that has 
one predominant peak and little 
tail’ at small pulse heights. This 
teristic Is In striking contrast t 

stal spectromete! 


mportant 














FIG. 3. Nal(Tl) crystal containe: 
52 


surfaces are sanded 


3. A wide energy range coverage 


TI MOSSIDILITY 


nine spectra r OO ke 


in one instrument. 
t il 


50 Vik IS proving iluable 


e\De! 


50-Mey 


Betatron Experiments 


VMade practical wi 


trometers 


1. Determination of the shape of 
the X-ray photon spectrum from a 
betatron. ‘The tech problems in 


L coincidenct 

1 pair spectromete 
2. The study of the ‘“‘giant reso- 
nance’’ nuclear absorption. It lias 
been found experimentally that 
ibsorption by the nucleus that 
In proton and neutron emission 


i giant resonance cross section 


TALC TUL De 
cross sect 


ibsorptior 


rated 
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FIG. 4 Pe 


the gamma-ray energy. 


determines the 


photons at each 
transmitted spectrum, 
CNM rimental con- 


» of its high de- 


vht distribu- 

a total absorption 
demonstrates the 
in copper. It was 
30-Me X-rays 
utted by 30 em of 

at 42 

35° drop in intensity 
\ley Although the 


wlear absorption rela- 


betatron 


divisions is 


Dbsorption processes de- 


ng atomic number, 


i ny 
Iraniume for the condi- 


would 
thus. 


opper experiment 
1% in magnitude and, 
ou we easily 
3. Observation of X-ray absorption 
by individual nuclear levels. A dip in 
X-ray will 


absorption bv cer- 


observable. 


spectrum 


the f mitted 
levels in low- 

It is difficult 

that should be 
the particle and 
nu lol 


nuclear levels 


entary. For example, 
| Lauritsen (10) give data 


now under- 


\perimments 
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cent energy resolution (solid curve) as a function of 
Resolution was analyzed into per cent 


way at the reau of Stand- 
evels in two 


that for 


ards for onl ! ergy | 


nuclides. shown 


levels Li} al hye order ol | or 


these 
ob- 


2% and ',5 vide should be 


servable under ndditions ofa long- 
absorber, good-geometry ¢ xperiment, 
prelimi experiments 29 


In ou 
dips and larger are being observed in 
statistically significant pulse-height dis- 


200.000) counts 
1 hou 


e practi al, 


containing 


tributions 
These experiments require 2 to 


; 


running times and Hus 


i 
The technique Ing dips ina 
X-rs per i that are 


Ith (il | \ oe level 


transmitted 
produced by 
a useful 
tool for Those 


clear levels that absorb sufliciently 


absorption shoul 
nuclear nu- 
will 


all appear in one bsorption spectrum 
Absolute energ spacings and radi- 
ation transition probabilities for many 
levels should be obtainable from a care- 


ful and detailed examination. 


contribution due to statistical fluctuations (curve A) and per cent 
contribution due to energy loss from crystal (curve B) 








| 
| 
>> | 
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FIG. 5. Pulse-height distribution produced 
by 30-Mev betatron X-rays transmitted by 
30 cm of copper 


R. W. Haywar 
Bull, Am, Phys 
R. Hofstadter 
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The total absorption spectrometer, 


Ricdwe National Lab 
issist in ellucidatior ( 
hown in Fig. | appro 


dlpha-alumina reflect 


ouree compared in Fig. 2 to the 
(liameter ®& |-im. «1 { | { 
kev is followed by a ¢ tr 
contribution has beet 

ell-tvpe large « t | 
bump in the well curve 
electrons from the 

hown by the dotted 

Cobalt-60, which emits t { 
1.17 and 1.33 Me 
is for the source exter! to t 


gamit rav peaks fo 
tion. Sinee both gar ' ( 
in different direction 
detected by the crystal at time 
detected separately 

When the source | ( 
imultaneous gamma! 

total energy of 2.5 Mi Since ¢t 


IZ? is not lurge enoug! 
rav energy there 
other gamma ray 


absorbed and part of the 


with some esenaping 


energy from both wii 
a P 
, . ma 
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FIG. 5. Circuit of double-line linear amplifier (Francis, Bell, and Kelley) 


The maximum allowable s 


maxtmum ratio ot Lto 16. 
A power! amaipit el 


ine the re solution ol the photoeles trie peaks. 


as noted pre- from this attenuator is 5.0 volts 


sa reduction in the effect 
SS 


ipton pulse-height distribution is notice- iin of 300, supplies a maximum output signa 


inet 
1,000 olims This se 


olts into a minimum load of tion 
Do and 20 


consists of two feedback loops with gains o 


1 Bell respectively, I: 


‘ 
vent grid current changing of coupling 


vel loop incorporates limiting 
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’ 
1} 


Double-line linear amplifier, by J. 2. Francis, P. | 
Ridge National Laboratory, 


requirements when 


Onuk pre 
This amplifier has a rise time of 0.2 psec 


us much as 50 times overload if the pil 


+. Kelley, Oak 

ni One of the stringent und 
on spectrometers deals with the measure- with 

Input is less than four volts 

implifier has good operating character- not measureably altered by pulses from 


Mises In the presence ol large pulses, The it the 


souree, 


conditions, and a high degree of ntensity Co 


A 60-channel electron beam pulse amplitude analyzer, 


Oak Ridge tional 


in Fig. 5. The preamplifier 
The signal is coupled 


Double cdit- | 


Hy I \I. Porter ind © A Borkowski 
tooratory Oak Ridge Tenn 


pulse-amplitude analyzers 


ehanner y 


nultipher tube 
through a 200-ohm line. Conventiona 
ire stile t te 


shorted delay lines shapes the 


ire equal excursions on both sides of the channel widths due to relative variation in ch 
Thus ries. The 
ms dependent on mechanical dimensioning 


The electre 


{in time by the delay of the line. beam-deflection tube descr 
Peositue 


t for the entire pulse IS Zero 
hi A tyvpieal tubs 


re 
ix shown in Fig. 6 


Phere i! 
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Twin-scintillat 


FIG. 7. Block diagram of p ymplitude valyzer circuit with FIG. 8 


electron-beam tube (Porte ind Borkowsk 
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Difference is neutron respons 
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Sateguard Considerations 


for Nuclear Power Plants 


Serious nuclear accidents are highly 
improbable. Although the violence 
of such an accident would correspond 


only to a mild chemical explosion, 


(curve) 


the fission-product release could 
compare to that from an atomic bomb. 


Careful analysis must show that 


~ 
= 
> 
- 
— 
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r) 
E 
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none of a reactor’s radioactivity 


can be dispersed over populated areas 


By H. HURWITZ, Jr. 
j ] Kno {to 


Atomic bomb 


Reoctor 


Time (sec) 





FIG. 1. Fission-product gamma activity after 20,000-ton- 


TNT-equivalent atomic bomb explosion and after shutdown 
of 1,000-Mw reactor that has been operating a long time 


) 
~ F THE PUBLIC is an important = reaction and indeed is attained only 
design ol nuclear with great ingenuity and effort 
This article presents Iiven if a reactor does get out of con- 
timating energy released trol, the nuclear explosion is compara- 
lent and for evaluating tively minor. As shown in this article, 


the dispersed fission the maximum energy release will be of 


the order of magnitude of a small chem- 


sis shows that aserious ical explosion. Therefore, a serious re- 
can occur only as a ictor accident should be thought of 
ite design gross equip- not in terms of an atomic bomb explo- 
ire ind human error. At sion but rather n terms of the explosion 
e factors must be pres- of the gasoline tank in an automobile. 
ible ven sabotage In fact, the energy released by chemical 
roduce & serious accl- reactions that might be initiated by a 
designed plant. reactor accident warrant more concern 
onofanatomic bomb than the energy produced in the nu- 

haracteristic of a chain clear accident itselt 
At Energ ( The energ. yield Ke n nuclear ac- 
llectric Co cidents is small enough to make it len 
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sible to contain the emitted fission 
products by a= gas-tight building 
providing the building can withstand 


any associated chemi il CXPLOSIO! 


Fission Products 

The remoteness of the possibility of a 
nuclear accident and the modest size ot 
energy release if an accident does occu 
would make the hazard associated with 
nuclear reactors complete insignil 
icant were it not for the fission products 
generated during reactor operation 

Fission products accumulate in the 
fuel elements of the reactor until they 
approach the saturated level at which 
the rate of decay s equal to the rate 


of production. The saturated activity 











gamma activity per tt t Che pessimistic assumption 
powel! e that an atmospher! tempera- 
Since the long-lived fis wt ture ersion exists at the time of the 
have time to build up wu tant lent This causes the cloud to re- 
quantities during re ctor ope tion, the it ground level and limits the rate 
decay of fission product ter react t which the cloud radius increases as It 
shutdown ts less rapid than the ce f { from the site On the 
the products from an ate bomb ¢ ther | 1, the radiation effects due to 
plosion Figure | sho the tot v ong ed fission ts 
fission product activit ( plutonium dispers I 
20,000-ton atomic bomb es thie oud are not include Phese 
and after shutdown ot QO0-.\ ( effects may be more serious t the 
ictor that has operated yr ft r ect 2 ition tre thre lt 
The two setivities are ay te ‘ iat the f f 
equal after 7 hours t ( eCCOSSU t ris ial 
If an accident to a hig! Owe ( t thi ettects rainout t 
were to cause an appre t he ul | cunt ted 
of the fission products t ( eased nd the shutting-oft 
there would be serious | to the ted food and water suppl hye 
people living in the ( t | ‘ mn ‘ 
tion to the reactor power at tio eleased 
of fission products release One ment ding to the 
tance to which the haz ext ( from nuclear power plants ild 
pends on several factors t te thi nts at t { es 
elude the form in which the t paopuiate But ce 
are emitted from the bu ne t rv pul protection Is placed sole 
meteorological conditions at the time thie emoteness | pinnt site the re 
of the accident, and the thie ( listance be s¢ ve ous te 
surrounding terrain titute ( econ | 
Figure 2 shows a rough estimate o to nucle Powe The dist ( 
the gamma-ray dose to an i il uw e vrent re ed | | oe the 
the direct path of the ¢ oud center as lesig f reactors to make t ( 
funetion of distance trot tl eacto f oot al thotage-pre | 
site. The curve tw based I 1 is ling reactor buildings t ; 
sumed accident to a 1.000 \I re t ntain any fission products rele ‘ 
in whieh 10% of the fission | its are eactor a ent 
released At distance t ( | \ r lesign t 
miles the dose exceeds 25 roentget es for preventing the es we 
whieh is the minimut e re ( t iD fucts is made te e | t} 
produce detectable chang | ii ily cetaiall aidslaseedl ih tidied 


oO 
oO 


(roentgen) 


° 


Dose 


Distance (mile) 


Gamma-radiation dose to person in path of fission-product cloud 
of fission products are released from 1,000-Mw reactor 


FIG. 2 
after 1° 
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elease led I 
Diolog il shield of the reactor will hel 
to prote t the building Irom damage 
Thu t ding ot moderate streneth 
I y oh degree Ot gas-tightness 
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t s kept thin a few cents of critical- 
t t t the period is of the order of 
4 ele iccident occurs if the re- 

t wht above critical and 

| t r t the power rises sufh- 
( t ive thie reactor The 
1 not severe unless the 

( t t Drought close to, or above 
| the react t Is inadvert 
weil ‘ wove eritical, damage te 
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v t the development ol 
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t ting the possible magnitude 
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te 1M ite 
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( MeCHANISIN IS cuusing the 
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t { re reneruted in the reactor 
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the reactivit = brought below 
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critical as a result of the energy 


erated in the accident Phis reactivity 
reduction may occu i result of the - 
mal expansion ejection of fuel or mod 
erator from the re ( erall dis 


ruption of the 
this second st ( 


to neglect { irt} el 


i it nerenuse¢ i 
be either an instanta 
etl tv oban tmnerenuse 
The tte issumption 
t nee the second 
Devin belore 

enet itv cnn be added 


caused the accident 
The original re 
be considered t 
neous jump in re 
t priite itt 
- olten more re 
stage « thy it 
l the available 


First Stage—Power Rise 


While the rea 


( itical the powe! 


n the form 


eritical, and pi’ 


correspond 


’ (3 The funet 


tively slowly, 
ind for slow rate 
depends only o1 
It is usual] 
that f(t) is of tl 
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reactivity reaches 


In a start-up 
reactivity is init 
r 


the fission rate 
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iaved neutron trac 


source strengt! 
the effective sou 
ived neutre 
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f where 
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tivity j ~ing above 
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verse period 
The react ity 


compara- 


ol reuetivity increase 


at time 


adequate to assume 
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ympt critical 
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ir Dele critical 


t delaved critical may 


3 is the de- 
tion, Sis the neutron 

y represents 
‘ crease due to ce 
Phe factor Y 
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— Vy 2 
For example aa. d 5 
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If the control svstem is designe to vive 
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Toxelele) 


Inverse Period, p (sec”') 


FIG. 3. Inverse reactor period as function 
of reactivity for 
prompt generation times 
tron fraction of | 


reactors with various 


Delayed neu- 
is assumed 


be designed to function in a time of the 
order ot O.1 sec 


For more rapid rates of reactivity u 
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hnverse po Tel ( tlie ‘ 
\ is 
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above prompt «1 
Frequenth 

value of the inver 

energ venerated 

power, has reach 

This value mia 

ergy at whicl 

i particular eo 

begins to occu 

whic the 

rapid the energ 

erated at any time 

equal to the power 

divided by the in 

fore, in Eqs, 201 

by E£, p where Ff 

This gives implicit 

that may be sol 

approximation 


members dey hel 


Second Stage—Power Drop 
The analysis of the p 

phisase of an accident 

cated by the complexit 

structure. This makes 

decide what) mechanism 


terminate the 


practical approach to tl 


consider separately the 
anisms that might be i 
ducing the reactivity 
argued that the energ) 
than one mechanism ts 
less than the vield i 
mechanisms were effect 
mathematical model 
are very useful and may 
as reliable upper limits t 
tude of an accident 
treat the probler Lin cor 
The simplest mathe 
tion is that the reducti 
due to the energy gene) 
funetion of this energ. 
tion would app 
large negative 
coetheient, 1.4 
thermal expansion 
nents in close thermal 
fuel will cause a 
tivits This 
ilso be effeetive 
fuel elements 
Instantaneous re! 
renetor and if tl 
ements ruptured 
proximately line 
ergy generated 
treatment of tl lin te 


simple and lene 


effects 

In ex- 
Nock phe - 
nsidered, 
tuken Into 
ad neutrons 


since the 


most 
relates the 
tion of the 
venerated 
er to inte- 


7 numer- 


ha quite 
mensional 
The total 


vil e 
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required to 
st ‘neth will 
that required 
pressure will 
mechanical 
vity will then 
il before mus h 
been generated. 
larger Ak’s and 
imes than assumed 
pressure as given 
of the magnitude 
mild chemical eX- 
lear accident can- 
re than Vaporize a 
reactor core, 
note the depend- 
yiven hy Iq. Ss 
since, trom 
P is propor- 
his com- 


{ 


Autocatalytic Effects 
med in the exainple 
rated Inanaecident 
This is 


ise: there nia he 


ictivityv, 


Imft mcrease 
venerated energy, 
nutocata- 

le, greatly 

a nuclear 

be shown 
ractice The 
usually quite 

» followed 
decreases 
irthermore because 
roughout the reac- 
itulvtic effects will 
ise”’ throughout the 
INCTeHSES 

ore that 

conpen- 

itv decreases due 


{f the core that are 


When the require- 


make it Impossible 


introduce 


f safetv mech- 


ned nuclear reactors 
and sate to operate. 
ge quantities of fission 


ned in high-power renc- 
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tors minke 

attention to the design of safetv mech- 
anisms, the cho I vector sites, and 
the construction of the reactor build- 
ings. It must be shown that there is 
no signihicant il for a plant ace 
dent to disperse dangerous amounts of 
fission products over pulated areas. 
Realistic analys of what would 
happen in the ¢ ! of an accident 
determine the messures equired te 
adequately protect the public without 
unnecessarily handicapping the devel- 


opment of the at power industry 


British Operate Fast 
Breeder Prototype 


The world’s only reactor using 
plutonium as fuel achieved criti- 
cality in Great Britain on Febru- 
ary 5th. 

The unit, known as ‘‘Zephyr,’ 
operates at 1 or 2 watts. It uses 
sodium-potassium alloy as coolant 
and has a uranium blanket. The 
control room is shown above. Pic- 
ture at left shows reactor container 
and lifting gear for removing upper 
blanket. Other parts of blanket 
are lowered to make core accessi- 
ble. Control and safety mecha- 
are beneath 


nisms (not shown 
reactor. 

Zephyr is the prototype for the 
first breeder power reactor. It is 
the fifth British reactor and the 
first especially designed as a step 


toward nuclear power. 








FIG. 1. Cobalt-60 irradiation unit 


Design and Performance of a 


Portable Irradiation Unit 


By L. G. STANG, Jr., G. STRICKLAND, A. C. RAND, and G. SELVIN*! 
The Hot Laborato 1, Brookhave Va nal] 
pron Veu Yo h 


At the request of the \Ie 
Branch, Division of Biology 
ine, UL S. Atomie Energy Cor 
sion, the authors designed 
constructed at Brookhaven the 4 wel onsidered, it quickly bees 
thle Co? irradiator described in t parent tl he most satisfac 

The original ‘ques \ I 1) runion-mounted 
+ general and called on 

1. Source strength of appre te S 
100 curtes of cobalt-60 

2. A flexible mount to pert 
intensity. irradiation. of 
close up or low-intensits 
larger animals at distance 
or more from the source 

3. Suflicient shielding to reduce the Description of Unit 
radiation level to tolernnes t it 2 / “he } ’ , 
meters from the source 

4. Mod 
field 5 hy 
field 6 ft in diameter 

It was also sugwes 


the shield to accom 








date BOO curries 


strength sactualh ~ @ ‘ 
FIG. 2. Geometrical relationships used in 
* Present Ap calculating extent of uniform field from 


Hayek e. New irradiation unit thre nel he source Is su 
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ut least Sin. of 
e, the rod is 
preset stop so 
‘is now at the 
seut out of the 

i beam of ra- 

ev the axis of this 


axis of the 


be rotated 

“angie, a 
fine the shield 
quadrants; for 
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tal and down 
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horizontal and 
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form of three 
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ur arrange- 
purposes they 
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e operating rod 
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I heck- 
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oJ 
Performance 
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uilt First, be- 
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instead has a finite 
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Is not 


ition level in 
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vhen the source 
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vere obtained ut 


ts OWN AXIS, 
direct beam —cor- 
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rrangement ol the three 
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These intensities varied 
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the hiahe st 


to O41 


DANTE 
from the source, 
Ving 


> «tirect 


and a key 


beam Was 
and 
ment incorporated into the 
from 


prevent rotation 


maximum mtensity. 


etical intensity for a = 135- 


source of Co® at a distance 
SUT nr. 

nnd item of interest was the 
t there was apparently consid- 


ckseatter of soft degraded 
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radiation from the around the 
radiation Is 


than is the 


source Since his 


more readily absorbed in : 


primary beam, and since vs along the 
edge of the beam have more air to pen- 
etrate than those enter, the 
beam actually obtained is less uniform 
than the theoretical pattern | iwure 2 
shows i 


source, S, Is | le apex ob an 


which illustrates this 


point 


pl beam, 


r and il 


SOSCeCLOCS 


perpendic from the apex 
to the base intensity 


ition it the center ot 
Le it the center of the base 


» intensit it ench end of the 


of 1 
square law, if the distance, 2 
then the base, , 


IT, can be 85&% Using the inverse 


from the 


souree is 5 It, ol the 


triangle (width of beam) will be 4.23 ft 


and @ 


the included angle at the apex 


will be 45 deg 32 min 
The 


measured 


uniformity of the direct beam 
/ 85% I 


2 tt 


Wits and for 
with x 5 ft, the 


in the horizontal plane and 3.5 ft un the 


distance 6 was 
vertical plane. The corresponding an 
gles, 0 eal ulated from these mensure- 


ments, were 2S and 3S degrees 
Filtering out the 


brought the @ up to theoretical 


solt radiation 


Costs and Safe Operation of 
Modified Irradiation Unit 


By JAMES E. McLAUGHLIN, Jr. and HANSON BLATZ 


Health and S Lab 
{ S l/o ec Ene (‘a ssion, Neu 


The need has ari ! a portable 
( obalt-60 ~} ield lov ; by resenre hi 
workers engaged irradiation of 


materia The 
cobalt sources of 200 to 500 


experiment- 


biological 
ers require 
ling 


hel ealeu 


t-H0 was presumed to 


te ORNL infer 


knowledge of 


FIG. 1. 


York, Neu 


ato Vew York Operations Office 


York 


The design described here 
is patterned after the 
shield built at the Hot 
of Brookhaven National 


now use at the 


curies.* 
135-curle 
Laboratories 

Laboratory 


and Worcester 


neutron flux, activation cross-section 


ition time and isotope deeay 


Phe latter eurie determine 


the cobalt 


Leod 


Modified cobalt-60 irradiation unit 








P ; } ‘ 201 Is located insk 


se s / \ - pi} ha ! be moved along he ligib thie ae . ‘ ae 
m\ n f the cylindrical hiel m “| } ibou 0 Mev, 
| Ing \“ 7 ) / 1 Peat ition port introduces i } neves tha a ; ect 
$ “ Ge mu! ol scattered radiation and m i . dial \I 
a i 
Problem? ave! i Tau iniform radiation fields at ‘O71 . ; = pte 
On nient distances, ree a Tala we oF 


is found that, as shown in 





ling could be reduced 
in the Brookhaven 
ices cost but not safet 

unique mounting Irame pel 


of an unobstructed 





Che unit complies with Bureau 
oposed shipping revula 


is the requirements of the 


Pl ) is | 
S Op il Department ol (OAK 
dg Laborator < W hie 
| ul if I inside val i 


flared-tube fittings te the om 
(in Stainless or Monel) 
give you the 


PATENTED 2-wWAY SEAL 


Foundation 





features of 


ion loss due to self-absor 
in large cobalt 
if the source is 
inmeter, the loss of 
»eviinder wall is abou 
more efficient configuratio 
wher one of the 
intion beam, 
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rectangular s | 
relative to the pace FIG. 2 Typical layout for operating irra- 
da 5 diation unit 

1. Double-sealing, self-centering 
seat is Teflon-reinforced to give 
you DOUBLE protection against ITIe €¢ . Appropre 
costly, dangerous leaks f eob ! ot diameter 


guration 


2. Heavy-duty, fatigque-proof 
designed for high pressure use 


3. Easy to install. 


4. Economical parts interchange- , } Alt] 


| 
Were vl 
able and reusable. , 


o dose ra n out implies the f 
5. Complete line for tubing through . ete wis ° " 
1” O.D. primis ) 1 of the Worcester ) . distance 


6. Prompt shipment through leading i lonization-cl 
Stainless distributors ' er ndicated tl 


Our engineers will be glad to rons add consider 


work closely with you in solving your R 
dose LCHaadln 


special tube fitting problems 
Sr Victoreen 


THE SPECIAL SCREW arse pss Ppp eg 
PRODUCTS CO. 


5445 Dunham Rd., Bedford, Ohio 


ian those 


Send for Proof \ s decrease ind ites the 


etrons and cor 
eee ee eo > 
literature covering i idiation less energ 
Koncentrik fittings, and sree 
Powell valves with ma gangeneat na inating trom the ( 
chined-in Koncentrik con wast 
nections, now available 

Write today 


> lowe! 
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If You Need a Modern 


Cathode-Ray Oscillograph... 
look to the NEW Du Mont Type 323 





horoughly consistent in concept and design, 
the new Du Mont Type 323 embodies 

a number of unique, modern features engineered 
specifically for the exacting problems of today. 
The direct-coupled, wide-band vertical amplifier 
achieves stability and sensitivity required 
to display a wide range of signals, together with 
their d-c reference, if desired,by straight- 
forward, reliable and easy-to-service circuitry. 
Its sweep is a significant contribution to 
modern instrumentation. By developing the sweep 
signal at high level, sweep amplification — 
and resultant non-linearities — are avoided. 
Naturally, sweeps of the Type 323 are 
directly calibrated, with a precision fully consistent 
with the stringent requirements of modern 
technology. Only decade multiplying factors 
are employed. Recalibration, if ever 
needed, is readily accomplished by a single 
adjustment of a single control against 
an internally available timing standard. 
Calibrated sweep delay and expansion are 
provided by the modern Du Mont sweep “notch”. 
The expanded two-inch notch may be moved 
along the four-inch trace, so that any portion of 
sweep may be examined in detail, while its 
relationship to the total signal is preserved. 
Completing the quantitative analysis of the input 
signal, accurate amplitude calibration is provided. 
A thoroughly modern cathode-ray tube, the 
new Du Mont Type SAMP.-, is employed in the 
Type 323. This cathode-ray tube, constructed 
to Du Mont’s exclusive tight tolerances, and based 
upon the new Mono-accelerator principle, 
assures the high degree of accuracy required 
to exploit fully the precision inherent 
in the design of the Type 323. 
If your demands are beyond the capabilities 
of the ordinary oscillograph, we invite 
your examination of this superb new instrument. 


oU MON 


Technical Sales Department ALLEN B. DU MONT LABORATORIES, INC. - 760 Bloomfield Ave., Clifton, NW. J. 


A complete 12-page technical 
bulletin is available from: 


Vol 12, No 3 - March, 1954 Want more information Use post card insert in this issue 





an elaborate vault door, since the di- 

NOW —simple, high-efficiency measurement of rong not oer regal - 

any cause, It is olten possibile to restric 

ersonnel use of the area in the vicinity 

radioactivity of liquid or solid samples with cgi Mic distal: he lncecosineg 

the distance between the exposed co- 

MAM CALM A complete scintillation counting systems — '!" %"! te oumite of the coneete 
le concrete ill be necessary 

‘he unit can be shut down securely 

ra metal cap ove the end of 

Provision has been 

design for padlocking the 


frame during shipment 


Drawings and Cost 


Construction details of the unit piec- 


lock diagram form in Fig. 1 





are shown in drawings on file at the 
Health and Safety Division. 
Fabrication of a unit like the one de- 
scribed in the drawings will cost im the 
neighborhood of $2,500 or less. The 
the cobalt, transportation of 
and construction of a vault 
to this considerably For ex- 
ample, if a unit is fabricated in New 
BERKELEY Model 2001 Decimal Scaler York City, shipped to Oak Ridge, 
% J and Model 2250 Vial Scintillation Counter ‘Ponn., for loading and then returned to 
~~ 3 with Model 2254 Léad Shield ...a typical pis 
BERKELEY complete system for laboratory or New York City, the cost of a 560-curte 
FEATURES: clinical measurements of gamma radiation. source will be approximately $2,250 for 


7 J, rae) Pe the shield, $200 for transportation, and 
SIMPLICITY of installation and operation due to BERKELEY’s ‘‘com- 


plete system’’ design. Gamma counting eliminates tedius sample 
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Beta Gauge 
Liquid Level Gauge 
Standards. 


Ra, RaD, Sr”, Ti 
Ce™, Ru™, Co® 
Alpha, Beta, Gamma 
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Ra ..........1.3 x 10° n/me/sec 


RaD . 26 x 10° n/me/sec 
FO nee 26 x 10° n/me/sec 


LIGHT SOURCES 


Qo 


Emission-- Blue, Green, Yellow, Orange 
Exciting Isotope — Sr”, TI* 


Vax. Brightness Depends upon color 
and exciting isotope. Essentially radia- 
tion free, Brightness change ¢ ymparable 
to decay rate of isotope, 

° 
INQUIRIES INVITED—our vast experi 
ence and knowledge at your service 
United States Radium Corporation 
535 Pearl Street. New York 7, N. Y, 
attention Dept. N-3 
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contract basis 
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other reactors ] 
ther reactol demonstrate ‘ the con- 
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News Sidelights 


The NRX reactor at Chalk 


It had been shut down 


Canadian reactor operates again. 
River resumed operation on February L7th. 
for L4 months for repairs to damage suffered in an accident (NU, Jan. 
ok § p. 76: Feb. 753, p. $82: Mar. ’53 » £0). 

~ 


Industry reliance on radioisotopes increases. The Armour Ke- 
search Foundation of Illinois Institute of Technology used more than 
This retlects 


the increased reliance of industrial companies on radioisotopes for 


100 times as much radioactivity in 1953 as it did in L951. 


solving research and production problems. The Armour Research 
Foundation used radioisotopes to solve problems in ore separation, 
muscle composition analysis, wear studies of turbine blades, direct 
generation of electrical energy, soil permeability studies, and auto- 
matic machine control. 

& 
Congressional subcommittee reorganizes. The Reactor Sub- 
committee of the Joint Committee on Atomic Energy has been re- 
designated as the Research and Development Subcommittee and its 
membership has been increased from five to seven. The group will 
review AEC and Defense Dept. reactor programs. — [t will also examine 
ll other research activities in the atomic energy field other than those 
directly involved in research and development of Weapons. Members 
of the subcommittee are: Representatives Hinshaw, Van Zandt, 
Durham, and Price, and Senators Knowland, Bricker, and Pastore. 

s 


Coal company studies nuclear power. The Pennsylvania Coal 
and Coke Corp. is surveying the company’s position to participate in 
the development of nuclear power for peacetime use. 
€ 

STR installed in Nautilus. Adm. Robert B. Carney, Chief of 
Naval Operations, stated early last month that the nuclear power 
plant (the submarine thermal reactor) was to be installed in the 
Nautilus on Feb. 15th. 
to perform spectacular feats in a Navy effort to dramatize its need for 


After commissioning, the Nautilus is expected 


more nuclear-propelled vessels. 


March, 1954 - NUCLEONICS 














COBALT” IRRADIATION UNIT 


Ee 


for 
RESEARCH 
THERAPY 
INDUSTRY 


Approved by 
OAK RIDGE NATIONAL LABORATORY 
and 
BUREAU OF EXPLOSIVES 
PERMIT +89 


7 ~~ The photograph above shows the complete unit. 


A stepped cylindrical lead shield is mounted on 
trunnions so that it can be rotated. In the smaller 
section of the shield, below, there is an opening 


for the beam of radiation. 


Engineered by 











BAR-RAY with U. S. ATOMIC ENERGY COMMISSION 





CAT. #RIOO1-B 200 CURIE SOURCE DELIVERS 240 R/HR at 1 METER 
CAT. +RIOO1-K 560 CURIE SOURCE DELIVERS 600 R/HR at 1 METER 








Economically priced between 
$3,000 and $5,000, depending 
on size and modifications. 
(CO60 available thru AEC) 





Modifications can be made to suit individual requirements, including motor operation and 
timing devices. Your inquiries for additional information will receive prompt attention. 


Sold Through Your Regular X-Ray Dealer Send for Latest Catalog 


BAR-RAY PRODUCTS, INC. 


209 - 25th Street. Brooklyn 32, N. Y. . Telephone: SOuth 8-1020 


Film Transfer Cabinets ~ lead Storage Containers 


Radiation Survey Equip. e Isotope Fume Hoods ond Labs oa 
e Lead Doors and Lead Shielding 


Liquid Coolers and Heaters « Lead Chests and Safes 
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CARBON RESISTORS 


Years of intensive research and 
development bring you match- 
less stability and accuracy, 

Dalohm deposited carbon re- 
sistors are manufactured under 
rigid controls ina special furnace 
developed exclusively by Dalohm 
engineers. This process, inciden- 
tally, eliminates soot which in- 
sures still greater stability. 

Pure carbon in crystalline form 
is bonded to a selected ceramic 
core and then sealed against 
moisture and other environmen- 
tal factors with a special silicone 
coating. 

Temperature coefficient 140 
PPM per degree C for the lower 
resistance ranges up to 500 PPM 
per degree C for higher resist- 
ance ranges. Three resistance 
ranges: DC-1/ (50 Ohms to 5 
Megohms); DC-1 (50 Ohms to 10 
Megohms); DC-2 (100 Ohms to 
50 Megohms). 1% accuracy. 

* 





TO PREY TF PEE MERI YY Homey 


a 


For miniature installa- 
tions. Resistance range 5 
Ohms to 2 Megohms. 
Write, wire or phone George Risk, 
1314 28th Ave., Columbus, Nebr., 
for price and delivery. 
Tel. 2139. 


In Conada: 
Teletronics Corp., Ltd. Toronto & Montreol 
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ss than $1,500 per kw. full load, 1,250 kw; max. peak 
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shut- 
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megawatts of electrical powe! fueling, 12 > months kimum 


De overwhelming perhaps down lor retueling y WeeKS* TANT 
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shutdown between retueling, 2 hours: 


ruction of the reactor will be construction the nrg tabri- 


base o1 cuted component of tl will be 


militar, 


the 


existing U.S 


installation in continental — restricted in size and » allow 


The design is to make maximum for air transportability 


f existing technology ¥ ft and 10 tons). 






































Nuclear-powered Locomotive’s Economic Feasibility 


Questioned by Railroad Men 


r study of the use of nuclear energy for locomotive power has 


problems exist, the method 


although many ippears to be 


Llowe el 


feasibility 


teasible consideral doubt CXISTS ; to the short- 


Would 
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ww Jak Ridge 


At Oak Ridge National Laboratory and other 
atomic energy installations much of the respon- 
sibility for local protection against radiation is 


placed squarely on lead. 


There are four reasons lead has unique value 
: local shielding material. 


Density is the first of those reasons. At 20 C., 
lead’s density is 11.35, as against 6 to 9 for ferrous 
metals. For a given level of shielding, lead nearly 
always proves the lightest and least bulky ma- 
terial and that with the most practical balance 


between ray-stopping power and cost. 


The second reason is lead’s behavior under 
radioactive bombardment. It absorbs rays with- 
out itself becoming radioactive. Hence lead does 
not “deteriorate” under repeated attack. 

Like most materials, however, leadcanbe  ,, 


Pee | 
contaminated when radioactive chemicals 4% 
form salts on its surface. But with lead (and 


this is the third reason) the radioactive re- 
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§ Morris Kirk & 
3 m pe Limited) 


At Oak Ridge, portable tunnels with 3 inch lead walls are 
used to shield radioactive samples drawn from the uranium- 


graphite chain reactor (Union Carbide & Carbon photo.) 


ES LEAD FOR LOCAL SHIELDING 





action products either break down rapidly or may 
be easily removed with common solvents. Quick 
re-use of equipment ... often within minutes... 
is nearly always possible. 

The last reason is that no metal is easier to 
work than lead .. 
fat 


. a fact with obvious cost and 
yrication implications. 


No question about it, you can depend on lead 
for local shielding. 


And you can depend on National Lead when- 
ever you want to make the most of lead’s ray- 
stopping power. National Lead is experienced in 
designing and fabricating radiation barriers . 
and at National Lead plants and warehouses, 
adequate supplies of lead in all required grades 
and stock forms are available. 


e National Lead Company 


New York 6; Atlanta 
: 13 


n 6 


Baltimore 3; Buffalo 3; Chicago 
Dallas 2; Philadelphia 25 
(National Lead Co. of Mass.) 
Son, In Te Canada 


8; Cincin 
Pittsburgh 12; 
Los Angeles 23 
(Canada Metal 


and 


ronte 
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drive four direct-current generators, 
The 2 * 3 X 3-ft reactor (including 


master-slave manipulators pumps, steam separator and recombi- 
handle dangerous materials nation system) would be surrounded 


} by a 4-ft thick 200-ton shield consist- 

ontle } 
Uu ath a ge nt € touch ing of alternate lavers of steel and a 
hydrogenous material. The weight of 
the reactor and shield would be dis- 
Master-Slave Manipulators manufactured by Central tributed to 12 driving axles by a truss 
Research Laboratories handle radioactive materials, of near bridge-size dimensions. The 
explosives and dangerous che “hte Reaching over or : locomotive would consist of two units 
through protective barriers, the 1 ipulating tongs of a ; A ; nes 
Master-Slave unit lift, twist, turn and mix materials easily 'S he having a total length of 160 ft. The 
and accurately. Slave tong moe hly reproduce movements reactor and propulsion equipment 
of thumbs and forefingers { 
The unusual “‘sense of feel’ o controls almost eliminates 
the need for operator trainir 

Only 2 ounces of force overcomes friction and moves Oo be located in the other section 

arms 1n any horizontal direction p and down motions : ~ atin that | ' 

P4 7 ] JY ee v MODLECTILS ¢ mve oO 
require forces as small as 5 ounces yvercome friction. wap 1S | on ees 
Master handles are easily adjustable to fit all hand be faced include: extraction of con- 
sizes. If operations are repetitive, special t , 
can be supplied to increase speed and ease of : . 
handling. Special slave ends can be supplied 3 operational stabilits eauk-prool SVS- 
increase the mechanical advantage of tl : tem, contamination of turbine and 
grasping or holding action J consequent difficulty of maintenance, 

Developed from basi igns of I - 

Control Engineering Divisi ; al 
Laboratory, all components are precision made and charging of fuel 
; , aterials rr deper i I rmance ’ 

from finest materials for d [ lance. be oetnl 


would be in one unit and air-cooled 


radiators for the condenser water would 


ongs 


siderable heat from a small volume, 


and spec ialized nature of eprocessing 


railroad men have met 
this proposal with considerable skepti- 
the Association of Ameriean Rail- 


For complete information, . oP, | f , 
‘ 4 rou atomic locomotive committee 
write to ; cs } ; , 
nla Keble (yy I give the study a searching 
| al It t| if 


Dept. 201—Red Wing, Minnesota > , is hoped they will 
laboratories, inc. perform a sufficient] quantitative 
that thev can define the eco- 
performance conditions under 


nuclear power can be useful to 


“oe road industry 
ALLI f) world’s largest distributor of 
GE Studying Economics of 


ELECTRON TUBES FOR INDUSTRY _ !ndustrial Nuclear Power 
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ALLIED Catalog for ~ ’ ; rel 
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plies. Write today 


for a FREE copy of ‘Allied Rodio AEC Work Employs ] 3,582 


the complete 268- es 
— eal ©=6s- Scientists and Engineers 
Everything in 
As of september L953, the Atomic 


a eae ALLIED RADIO joie. Commission and its contractors 


One Dependable Source 100 4. Western Ave. panes urey 
emploved about 77,4 people of which 


— = Dept. 57-C-4, Chicago 80, Ill. apo 
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Of this number, 1,561 were biological 
and medical scientists, 2,476 chemists, 
1,704 physicists, 76S other physical 


scientists, 1,623 chemical engineers, 


1,412 electrical engineers, 1,804 me- 


chanical engineers, 448 metallurgical 


engineers, and 1,786 other engineers. 


Unlimited Future Seen 
for Uranium Industry 


The demand for uranium ore will 
ontinue to be great as far ahead as our 
eves can see,’ said Representative 
Sterling Cole, chairman of the Joint 
Committee on Atomic Energy, in a 
January 29th address before the Col- 
orado Mining Association. 
He went on to say, “I am deeply 
mvineed that we are today barely 
atching » surface in employing 


atom gy both in defending ow 
ind enriching our lives.” 

r explaining that nuclear weap- 
re being adopted to all tvpes ol 
situations, Chairman Cole 


The day 


weapons to satisiy the legit- 


when we will have 


of our armed forces is not 
Quite apart from future 
needs for uranium and 
resent and prospective mil- 
cations of nuclear energy will 
es assure a continued high 
ind for raw materials into 
future 
the needs of peacetime 
tants and it is evident 
rizons of the uranium in- 
tually unlimited.” 
g that we are not stockpiling 
terials so as to ‘achieve an un- 
ge when atomic power Is a 
emphasized that ‘our for- 
ise program is aimed ex- 
icquiring the materials 
large oul stockpile ot 
thermonuclear weapons 
vhicl protect not only this 


mur friends abroad.” 


Radioisotopes Techniques 
to be Taught Next Summer 


hi ques in the use of radio- 
be taught in three courses 
sented next summer by the 
Institute of Nuclear Studies. 
veek courses will begin in 
July 12, and on August 9. 
ition on the courses may be 
ibtained from the Special Training 
Division, ORINS, Box 117, Oak Ridge, 
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Size 
13°’ x 16%"'x 144%4"" 


ANOTHER EXAMPLE of Wnictman PIONEERING... 


The LAB PULSESCOPE, model S-5-A, is a JANized (Gov't Model No 
OS-26) compact, wide band laboratory oscilloscope for the study of all 
attributes of complex waveforms. The video amplifier response is up to 11 
MC and provides an equivalent pulse rise time of 0.035 microseconds. Its 
0.1 volt p to p/inch sensitivity and 0.55 microsecond fixed delay assure por- 
trayal of the leading edge when the sweep is triggered by the displayed signal 
An adjustable precision calibration voltage is incorporated. The sweep may 
be operated in either triggered or repetitive modes from 1.2 to 120,000 
microseconds. Optional sweep expansion of 10 to 1 and built-in markers of 
0.2, 1, 10, 100, and 500 microseconds, which are automatically synchronized 
with the sweep, extend time interpretations to a new dimension. Either 
polarity of the internally generated trigger voltage is available for synchro 
nizing any associated test apparatus. Operation from 50 to 400 cps at 115 
volts widens the field application of the unit. These and countless addi- 
tional features of the LAB PULSESCOPE make it a MUST for every 
electronic laboratory. 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 


CABLE ADDRESS: POKETSCOPE WATERMAN PRODUCTS INCLUDE 


$-4-C SAR PULSESCOPE 

$-5-A LAB PULSESCOPE 

S-6-A BROADBAND PULSESCOPE 
S-11-A INDUSTRIAL POCKETSCOPE® 
$-12-B JANized RAKSCOPE* 

$-14-A HIGH GAIN POCKETSCOPE 
$-14-B WIDE BAND POCKETSCOPE 
$-15-A TWIN TUBE POCKETSCOPE 
RAYONIC® Cathode Ray Tubes 

and Other Associated Equipment 


A 
WATERMAN PRODUCTS 
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nyt to the aver- 
mportant that the 
ption that the Max- 
e Exposure is a com- 
osure be corrected 
ears in print. No 
e technique deseribed ; 
is is implied. The eee’ PLOTTING EQUIPMENT 
noare far below the l 
and exposures i For presentation of problem solutions, 
rt periods ot the Variplotter Plotting Boards provide oan 
accurate inked record. Typical uses include 
the automatic plotting of: Anolog Com- 


Hanson BuLatz 
Branch . puter output; guided missile data; engine 











performance characteristics; and control of 
manufacturing processes. With accessory 
equipment the range of applications can 
be greotly extended 


READERS submitting comments for publi- Write Dept. N 
cation will aid the editors if they indi- 


(te ie8 fe), iia CTRONIC ASSOCIATES Inc 
cate that the errer e in ended for 
G c ’ $a ASSOCIATES ELE 


this department an ang 
9 LONG BRANCH + NEW JERSEY 


Visit our booth 329-333 Computer Avenue at the 1R E National Convention 
Kingsbridge Armory, New York City 





PRODUCTS ann MATERIALS 


Radiological Electrometer 
Baldwin-Instrument Co., England 
(American Atom 
Instruments & Equipment, Ine., 489 
lifth Ave., New York 17, N. The 
Baldwin-Farmer radiological electrot 


agent: Center tor 


eter can be used for measur 


ance dosages, controlling dosage 
interstitial radium therapy, and 
uring X-ray dosages in bod ivities 
The instrument is said to be practically 
independent of variation in batte: 


voltage and in tube chara 


Dosages can be measured 


to 541 
mately 1%; 


with an aeccurac 
an intercavit) 
having in 


0 a% extends 


tion chamber 
better than 
230 r. 


Radiation Monitor 


Jordan Electronic Sales, Inc., 
Union St., Pasadena 1, Calif. 


remote area monitoring svste 


mensurements from backg 
100,000 r hi 


Insevel steps 
to ten remotely locates 
Chambers. Low-voltage 
cuit allows operation of 

5.000) ft 


amplification. 


from control 
Switel 


noid-operated shutter 


84 


blocks beta ravs or per- 


through the 


either 


ts them to enter l-mul 


] 


ile steel! eh Window sec- 


imber 

Henold positions 1 calibration 

to assure calibration accuracy of 
With the 

m, monitoring stations mi: 
ae 


unit’s plug-in con- 
iv be 
stem is said to be sub- 
ray independent between 


ind 1.3 Mey P-2 


Goniometer Specimen Spinner 


North American Philips Co., Inc., Re- 
search & Control Instruments Div., 750 
S. Fulton Ave., Mount Vernon, N. Y. 
This 


designed to replace the standard speci- 


eylindrieal specimen spinner Is 
men holder of the Noreleo wide-range 


X-ray 


olving individual analysis of 


ronirometer fol analysis work 


small 

iments or the use of sealed capillary 
ubes The spinner rotates at 130 
‘n by a motor plugged into 


unit P-3 


Binary Scaler 


Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, Ill. 
The model 183 seale-of-256 scaler has 

Preset-count 
1,000 times the 


resolving time. 
10, 100. o1 


2 - User 
An external model 
predetermined-time 

time! 

to 9,999.99 min 


ndicates 
Inte ral 
2 SOO 


»supply provides 500 


ver or seintillation detec- 


gle switeh operates electrical 


rister, timer, and interpola- 
unit may be obtained with- 
reset 


P-4 


mer and with manual 


Use post card insert 


Scintillation Spectrometer 

Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 
36, Ill. The 


sper trometet! 


model 2300 scintillation 


=SWeEeEDs he- 


automatics 


tween an two predetermined levels 


volts, resets 


within 1 ge of O- 100 
le The svstem 


consists model TIS electronic 


ol top 


sweep ind counting-rute computer, 


center) model 115 pulse-height ana- 


model SO high-voltage 


V ze! bottom 


supply, model 45 semtillation counte! 


unit may be 


| 


level 


ind Brown recorder; each 


operated separately Channel 


ana ¢ vy rate are directly read off 
meter low and fast ! ds ar pro- 


electronic swe ount- 


circuit 


when sweep 


Scintillation Survey Meter 
Radiac Co., Inc., 489 Fifth Ave., New 
York 17, N.Y. The mock 


mmeter it portable 7 


9635 Scintil- 


detector 
utilizes a SSLO photomu el 


coupled 


to t selnotillation Output 
re | 
rated and 


With 
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weighs 7 |b. Sensi- 
forward and downward 
sulated ervstal may 
the 


multiplier tube 


y asso inted 


circuitry 


P-) 


Portable Hood 


P. M. Lennard Co., Inc., 671 Bergen 
St., Brooklyn, N. Y. This 


t ed-at mosphere 


low-cost 
hood 
chemically inert 
Filter 

iits the 


system with 
selection of 
ns to control dust, bae- 
Any 


id shielding can be 


the 


sture required 
ill- 
laminated lavers 


36 in. long, 20 in. deep 


(P-7 


Film-Processing Chemical 
General Electric Co., 4855 Electric 
Ave., Milwaukee 1, Wis. Fixer-Neu- 
tralize following the fixing proc- 
become over 

X-ray 


00% and to preserve 


oO not 


i to eut film 


rs without danger of 


time 1s dec reased 


time is substantially 
lixer-Neutralizer, 
to 


Is said process 


HO0-2.000 films P-S 


~ 
ial 


Radiation Survey Counter 

Muller Nuclear Industries Pty. Ltd., 
675 Whitehorse Rd., Mont Albert, 
Melbourne, Australia. This portable 
G-M 


counting- 


equipment COMprises 


ryhie 


nes ind 


eounter consists of 


elements within one 


ry This 
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ntormation? 


SAVE TECHNICIAN TIME... 


Completely Eliminate Tedious Manual Sample 
Changing in Your Radioisotope Laboratory 


You can automatically count and record the radioactivity of 
with Nuclear-Chicago’s Sample 


ach sample is counted for a preset number 


many as 50 

Changer System. I 
of counts after being smoothly moved from the “load 
zine into the count position within the lead shield. Shields are 


available tor use with Nuclear-Chicago geiger, scintillation, 


as sumples 


maga 


or automatic eas flow counters, 


When the preset count is reached, the scaler stops; the print- 
timer records the sample “identity” number together with 
the time required to accumulate the preset count; and the 


ing 
changer moves the counted sample into the “unload” maga 
zine While simultaneously moving a new sample into count 

After all the samples have been counted, the instru 
in be set to (1) shut itself off, (2) take background 
counts, or (3) repeat the cycle indefinitely if desired 


position 


ment ¢ 


available for use with 
changer, or other scalers may be suitably modified. Fifty 
numbered sample carriers accept 144” or 1” by '%” sample 
planchets. Count Selector Switch coupled with scaler’s Scale 


Selector Switch provides a wide range of preset counts. Both 


Nuclear-Chicago scalers are the 


sample magazines are clear plastic for easy observation of 
cycle progress. Expendable sample carriers and the chrome- 
plated turntable make decontamination simple if necessary. 
Write for complete details today. 


Nuclear-Chicago offers a full line of products including 94 
caurbon-14 labeled compounds, film badges, accessories, and 
completely equipped radioisotope laboratories. We will be 
happy to assist you with any radioisotope question you may 
have or ask us about the feasibility of applying radio- 
isotope techniques to your production problems. 


Nuclear Instrument and Chemical Corporation, 
235 West Erie Street, Chicago 10, [linois 


nuclear - chicago 





CHICAGO *« NEW YORK e¢ LOS ANGELES 
DALLAS * HOUSTON «© SILVER SPRING, MD. 
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in the U.S.— 
onty ESCO makes 


guaranteed 
0.03 max. carbon 


stainless castings 


Peak Voltmeter Unit 


Sensitive Research Instrument Corp. 
9-11 Elm Ave., Mount Vernon, N. Y. 


...to stop 


CORROSION 
even at the weld 


Most castings must be welded to com 
ponent parts during installation, 

The higher the carbon content of a 
casting the more “carbide precipita 
von” during welding. Carbide precipi 
means severe corrosion 


tation often 


adjacent to welds —unless the casting 
is heat-treated after fabrication an 
always difficult, sometimes impossible 
job. 

ESCO 0.03 max, carbon castings 
available in all 18-8 and 18-8 MO anal 
yses, can be welded into the installatior 
and be ready for action immediately 
without loss of corrosion resistance 
Result: Dependable, corrosion-resistant 
equipment operation. A definite cut in 
Operating Costs, 

ESCO offers a complete heat and cor 
rosion: resistant service —for a single 
casting or an entire installation, 

Write to: 

ELECTRIC STEEL FOUNDRY CO. 


2165 N. W. 25th Avenue, Portland 10, Oregon 


712 Porter Street, Danville, Iilinois 


... the toughest 
corrosion problems 
wind up at... 


ee ee 


Magnetic Shift Register 

Raytheon Mfg. Co., Equipment Engi- 
neering Div., 148 California St., New- 
ton 58, Mass. All of this 


trve 100-ke m 


components 


ignety 


Ultrasonic Probes 
Branson Instruments, Inc., 430 Fairfield 
Ave., Stamford, Conn. ‘These type B 


Phe model VPA high-voltage 


inv sensitive } 


Peak unit 


itmeter to 
\laximum 


4 


Conversion Plugs 
Millivac Instrument Corp., Box 997, 
Schenectady, N. Y. The CP-122 ' 


ow ANG 
CP-221 con rsion plugs permit 


Voltage Divider 
Ltd., Southend-on- 


Sea, Essex, England. Thi 


Ekco Electronics 
wotentiom- 
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ituvge aliy ider 


= intended 


=e ““RADOCON” 


no steps of o 


A new roentgen calibrated integrat- 
ing ratemeter with thimble ionization 
chambers for many purposes. 

A compact control unit for pre-setting 
oTareMmukolalicelalsle Melo) is Mach i-Mmelile ME rol ze) 
roentgen delivery through a thimble ioni 
zation chamber selected for the sensitiv 


TAPER -Lal-iee belie Mlali-lal tip mieMl ol-Mul-telttla-te. 





PROBE SPECIFICATIONS 


RADIATION TOTAL 
SPECTRUM SENSITIVITY DOSE 
(Kev. effective) RANGES (roentgens) USE 
30 to 400 10-30-100 r/min 1 to 999 X-ray therapy 
30 to 400 100-300-1000 +/min 10-9990 X-ray therapy 
400 to 2000 5000-15000-50000 r/min. 500-499, 500 On telecurie Gamma sources 
20 to 50 100-300-1000 r/min 10-9990 Low energy therapy 


Rectifier Tube 400 to 2000 1-3-10 r/min 0.1-99.9 Gamma tay sources 


: 400 to 2000 10-30-100 r/min 1-999 Gamma fay sources 
Bendix Aviation Corp., Red Bank Div., 


Eatontown, N. J. The JAN 5993 full- 
ium rectifier tube is de- 

tvpes as the 6X4 

rts and other 


400 to 2000 100-300-1000 r/min 10-9990 Gamma fay sources 


30 to 400 10-30-100 /hr 1-999 Survey in vicinity of X-ray 
machines 


Not Applicable 10-30-100 r/min 10-9990 Beta-Gamma skin dose 


31 


1 and AU? 1-3-10 me. 4 Not Applicable !sotope assay 


ration are 
The tul 400-2000 0.5-1.5-5 ¢/min 0.05-49.95 Gamma fay sources 
« Ll i 


position and 
th electrodes 
1s P-15 
A variety of ion chambers, not limited 
Write r the new 
ToM isle t-Maielolelleli-teMme] oleh 2-mm olde) aiel-t mem ale l= 
instrument catalog 
selection for radiation measurement in 
research, diagnosis and therapy, health 
olgeli Le ilelaMmttolic) ol-Meltieh am olaeleltlailels 


faelaligelMmelslemellil-temil—iers 


FEATURES 


Rapid measurement continuous 
Talel ree lilolaMelMacli-elilemelel y= reliability 
a iMmallelaMelaatigelay flexibility in use 

relate Mm olicla-tuil-tal Mme) Meealelulel 16; wide 


selection of energy, intensity and sensitivity 


Write for the specifications of this chamber tube best 


suited to your measurement problem 


MEDICAL INSTRUMENTS DIVISION 


Cathode-Ray Oscilloscope The Vict Ins! 1 Co 


Tektronix, Inc., Box 831, Portland 7, 
Ore. Phe type 535 cathode-rav oscil- 
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5806 HOUGH AVENUE ° CLEVELAND 3, OHIO 





optical grade 
ZINC BROMIDE: 


for your viewing windows 


You know the efficiency of Zinc Bromide. 
In optical grad ly is an effective, 
economical answer t - shiclding window 
problems. Michigan nical now offers 
prompt supply of this compoun | to comply 
with all AEC specifications. Write us, wire us, 
or call. We'll be glad to serve you at once. 


copy aft 


Ada 
Ps 


& « 
siruction oj A ‘i 


MICHIGAN CHEMICAL CORPORATION 
Saint Louis Michigan Network and System Analyzer 
Technology Instrument Corp., Acton, 
Mass. The Complex Plane Analyze 


RAPID ELECTRIC = #2 eo2pater wet ior the de 


networks and feedback control 


SELENIUM RECTIFIERS °°")... 2000" 
ealeulations on the ¢ plex Trequency 
plane Simultaneous rain nad phase- 





shift computations 
4 ‘i ’ : Opel and Closed-Loop) 

FOR GENERAL > ky 2 Up to ten vector 
POWER NEEDS ; ., | —— papa 
RAPID Floor Models a es — 


® High Efficiency 


® Single-knob Controls FOR LABORATORY 


Built in Protective Circuits POWER 
Easy to Install RAPID Bench Model 


No Maintenance 


in 


® Completely Self-Contained 
® Portable 


® Continuously Variable 
Controls 


Rapid Electric Co. makes 
Selenium Rectifiers in sizes 
from 10 to 10,000 amps. DC 


® Full Metering 
output af desired voltages. 


® No Maintenance 








ENGINEERING SERVICE 
Our engineering department is available for consultation on any 
application of Direct Current Power Supplies. Avail yourself of 


this professional service without obligation, 


© ” 
THE NAMEPLATE THAT MEANS Wire Pun n fou. 
Electronic Switch 


aT CeCe NNR chothom Electronics Corp., 475 Wash- 


ington St., Newark 2,N. J. This port- 


ectronie switt ermits simuita- 


2895 Middletown Road * New York 61, N.Y. * Phone: Talmadge 8-2200 
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two patterns on 
wle cathode-ray oscil- 
e positions of the pat- 
superimposed or sep- 
juare-wave output is 
continuously 


frequence\ 


0 to 500 eps, amplitude 
» to 3O voits peak 
time at 500 


rise 

} ] 
t-coupled ampli- 
operative and 
tching rate ol 


Amplifier charac- 
10; trequency 


7 inn T 


db from zero 


5,000 uinplifier at full 
impedance 
150 \ olts, 
attenuation; 


full 


OO) OM eotim input 
it voltage rating, 


+ py Ni 
t hai Att 


num 
put impedance ut 
5 volts peak 


P-1S) 


iximum, 7 


it balance 


ecusesere® 





Visual-Sequence Annunciator 
Inc., 6312 N. 
Wh. In 


variables, 


Panalarm Products, 
ne Chicago 40, 


losely interrelated 


SYs- 
anhnuneitors in- 
“off 

This is 
lock-out ol 
the 


sui “sequence 


inble to go nor- 


Gret val 
f system failure. 
tutomatic 
by causing 

be red and subsequent 
avall- 


P-19 


Annunciators are 


} to 4S signals 


Cathode-Ray Indicator 


Spencer-Kennedy Laboratories, Inc., 
186 Massachusetts Ave., Cambridge 
39, Mass. The 600° eathode- 
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An tquipment for recording 


ANTENNA RADIATION PATTERNS 


THIS equipment has been developed by EKCO Electronics to auto- 


matically record the radiation patterns of any centimetric antenna. The antenna 


under test is mounted on the roof of a rotatable trailer and illuminated by a fixed 


The 


angular traverse of the trailer. 


transmitter. amplitude of the received signal is then continuously plotted 
against the 

ALL the equipment except the transmitter unit is mounted in the 
The received C.W. 


resultant I.F. 


trailer and remote controls for the transmitter are provided. 


signal is mixed with a modulated Local Oscillator signal and the 
The reference signal 


The 


balanced 


output combined with an anti-phase modulated I.F. signal. 


is derived from a 30 Mc/s Oscillator and Servo-driven Piston Attenuator. 


combined signals are fed via a seven-stage, low-noise I.F. Amplifier to a 

Modulator, and the resultant error signal applied to a Servo Amplifier. The output 

of this Amplifier drives a Servo Motor which moves the 

Piston Attenuator in such a direction as to reduce the 

difference between the reference signal and the 

received signal. A pen attached to the piston drive 

mechanism records the amplitude of the received signal 

in terms of the attenuation law of the standard piston. 
FACILITIES are available for plotting either 

graph paper. The 


amplitude scale in each case is 10dB per inch with 


on Cartesian or polar co-ordinate 


a maximum travel 

of 65dB and the 
Cartesian co-ordinate 
paper can be run at 
rates corresponding to 
2 or § degrees per inch. 
THE Standard 
Equipment covers the 
trequency range of 
9300 to 9500 mic. The 
frequency changer 
section is a plug-in unit 


*¥ 
# ANTENNA 
PATTERN RECORDER 


» TYPE E59. 
‘ 


and other frequency 
ranges can be covered 


to special order. 


*¥ x « * 


_ EKCO ELECTRONICS LTD 


CE) exco WORKS, SOUTHEND-ON-SEA, ESSEX 


AMERICAN TRADAIR HRYSLER BUILDING, 405 LEXINGT 


CANADIAN AVIATION 
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Career-chance of a lifetime 


APPLIED 


MATHEMATICIANS 


AND APPLIED 


PHYSICISTS 


for Lockheed’s expanding 
Missile Systems Division 


@ Recently formed from other Lockheed 
Engineering organizations to prepare for 
the era of automatic flight, the Missile 
Systems Division deals exclusively with 
missiles and their component systems. 


Its rapid expansion is creating ‘“‘ground- 
floor’ openings for nopies Mathematicians 
and Applied Physicists with experience in 
aircraft, missiles or electro-n 
systems. Your work will invol 
dynamic problems, statistical problems, 
systems analysis and operations analysis 


echanical 


ve new 


To qualify, you probably need an advanced 
degree or its equivalent in Mathematics 
or Physics 


In addition to outstanding 

ties, the Lockheed Missile 

offers you high salaries co nsurate 
with your experience, generous travel 

and moving allowances, and a better life for 
you and your family in Southern California 
Address inquiries to L. R. Osgood, 

Dept. N-M-3, Lockheed Missile Systems 
Division, 7701 Woodley Avenue 

Van Nuys, California 


LOCKHEED 


MISSILE SYSTEMS 
DIVISION 
VAN NUYS, CALIFORNIA 


90 


itol des 


viel O10 high-speed sweep ven- 


nables total 
usec Interna 
$£QO00 volts over-all a 


Powel 


Proy Sloth Ls 


in additional 


celerating supp 


Air Compressor 
Cornelius Co., Dept. KP, 550 39th Ave., 
N. E., Minneapolis 21, Minn. The 
wel 32R1500 6'5-lb air compressor 
a rated discharge pressure Ol 
Wn is designed to charge in- 
breathing equipment The 
with 


CONLDTeSSO! operates 


source of 


drive rom) a& powel 
greatel It compresses 70 it 
to 2.350 Ib in.? in 100 min 
ambient temperature range 


P-21 


Oscilloscope 


Browning Laboratories, Inc., 750 Main 
St., Winchester, Mass. Thi 
QA-16 oscillosvnehroscope 

rated buek-out voltag 


gy out 


in be expanded for 


expansion is said 


Use post card 


ened to be used with 


writing speeds to 





Versatile - Compact 
Low-Cost 
Precise 





Wulti-Purpose \ABORATORY 


POLI-SCALER 


Phe Detectron DS-606 Poli 
Scaler 1s laboratory 
scaler of exceptional versatility. 
Adaptable to GM 
tion counting and frequency 
checks supply may be 
used for either GM input or to 
operate 


a comple le 
and scintilla 
Powe) 


aCCESSOTY equipment. 


PULSE HEIGHT DISCRIMINATOR INPUT — 
2 100 V; POSITIVE OR NEGATIVE 

— 2 - 100 V Pos. — 2 - 50 V 
Neg.; RESOLUTION TIME — 5 Microsec- 
onds per pulse pair or less; HIGH VOLT- 
AGE POWER — variable in 1 step from 0 
to 2.5 kv.; COUNTING RATE — 1,000 per 
sec. max.; ACCESSORY SOCKETS — for 
count rate meter and speaker; DIRECT 
READING — to 99,999,999. 


for FRI E folder 


TH 


5420 VINELAND, NO. HOLLYWOOD, CALIF. 


W rite Dept 














Mark your own symbols, numbers, 
lettering, on your small parts, tools, iden- 
tification and name plates easily, 
simply, quickly . . . tracing from a master 
with the GREEN ENGRAVER. 

Widely used in electronic and plas- 
tic fields, in shops and 
wherever permanent marking is needed. 
The GREEN ENGRAVER engraves equally 


wood, hard rub- 


machine tool 


well on metals, plastic, 
ber and glass. 

w Fact-filled folder on request 
showing how economies in costs, labor 
and time are achieved with the GREEN 
ENGRAVER. 

& Routs “Models & Profiles &” Engraves 
Etching attachment and other special equip- 

ment for industrial uses are available. 





Geo Fe ( G Srstrument (S 


4 La o 6 7 e ° 


382 PUTNAM AVE., CAMBRIDGE, MASS. 
See us at Booth 243 at the I.R.E. Show 
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vable using conven- 
hods Vertical and hori- 
d-¢ to 


sensitivities of 


what 


bandwidths are 

Ni 

peak-to-peak, per inch 

} red or 
1 te 


with is 

recurrent 
10 see total 
Video delay 


rising Wwave- 


your 


me 
bservation of 
\ 


mplitude 


<@S H0-cyvcle 


square 
measurement, 
HIGH 


with 


p99 


' 
deflection range an 


Wi ‘ 
standard 


Vacuul 


Spectrograph 
Jarrell-Ash Co., 26 Farwell St., New- 
tonville 60, Mass. 


complete 1\ 


This plane-grating 


pect ~ stigmatic 





tll 


problem? 


OR LOW 
REFLECTION 


sup 


or to 


high vacuum es 


furnaces 


Se 


OPTICAL FILM ENGINEERING CO. 


2731-37 North Sixth Street, Philadelphia 33, Pennsylvania 


high reflection 


Our eflicient high reflection coatings produce mirrors of 
Also we offer 


reflection and transmission on n 


brilliance coatings with 
of 


ing beam splitters, dichroic and semi transparent muirrot 


exceptional pres 


control mabsorb 


S1OTL 


low reflection 


Our engineers have developed a tilm capable of 


Optical Film now offers the ultimate WW ‘ 


reflection to l per surtace 


( 
= /C 


Let our experienced technicians take over youn 
flection Dial and Meter 


Screntify amera, Binocula 


coating 
Optical Instruments 


operations on 


( 
Lenses and Prisms for Precision 


SCOP Lenses 


tarv Lenses 


Additional coating services offered by Opt ca 


conductive (1 
elimination and radio frequency shieldin 


Philadelphia include 


state 


transparent 


resistors, electrodes for quartz crystals, soldering to 


HIGH VACUUM EQUIPMENT 


line of high 
| he “we 


Pumping systeris, 


ply a complet vacuum equipment 


oil diffusion pu 


and | 


customer includ 


por 


specications 


ators vacuum metallizers 


he IRE Show, B 








2 OOO 6.500 i single 


\ 


it 


Ci rr Ving powell 


75.000 in the first order to 


BOO OOO t hye rit} raler Standard 


20-in. plate- 


nodate two 


i standard 


- pl ites Covel 


lous spectrum Provide 


7.900- and 
— from 
il¢ al tiictroie 


button con 


th 


Spacing of 


a 
01% 
than 


eleng and 


1 
Cs spectra ra 
ljustable on 


dial. 


2 1() 
6 


Regulated High 


s 


Continuously 
150 
Milliamperes. 


REGULATION: Output voltage varies less than 


to 


per volt change 
volt with variation of output current 
from 0 to 5 Milliamps 
VOLTAGE CONTROL 


Electronically 


0 all c 


Voltage 


Power Supplies 
SERIES 810 


Suitable for Scintillation Counters 


Regulated 
Voltages 
0-5 


Adjustable 
1500 VDC at 


@ OUTPUT VOLTAGE: 150 to 1500 VDC at 


of line voltage. Less 0-5 Milliamperes 


5 


RIPPLE: Less than Millivolts rr 


STABILITY: Less 


1% 


than .03° 


72 
Mods 


grounded 


By calibrated vernier per 
for hour 


)-pP 
tern 


s grounded. On 


Model 81! 
Rithes 


erminal of 


ts are nsulated inal can be 


by front panel switt h 


SERIES 710 








Air-Weight Control 


Askania Regulator Co., 240 E. On- 
tario St., Chicago 11, Ill. The Dyna- 
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mtinuously 


Also 


100 to 


Adjustable 
Ni y 


iu from 
Milliat 


peres 


le 


REGULATION: Output ‘ 
than .03% per volt change of lir 


Output voltage varies less than 


voltage var 
voltage 
% with 


0-1 


than 


25 


output current between 


(Internal impedanc 


variations of 


i 
ie 


milliampere. 
1000 ohms.) 


tilable or ) ndependently regulated 


with 


pe ndently adjustable outputs 


See it Booth 416 Electronic Avenue I.R.E. Show 


FURST ELECTRONICS 


Want more information 


3330 W. Lawrence Ave., Chicago 25, Ill. 
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RESISTANCE VALUES up to 
100 Million Megohms! 


RPC Type H, High Megohm 
Resistors are particularly useful in 
applications where resistances of the 
highest quality are required. 
Eminently suited for electrometer 
circuits, radiation equipment, 
photo-cell circuits and high resistance 
standards in measuring 

equipment. Advanced design. 

High stability carbon coating 

on non-hygroscopic steatite 

rod. Can be soldered into 

circuit or mounted on a panel 

or standoff insulator. Standard 
resistance tolerance 10°). Closer 
tolerances available. 





Write for additional information. 





Resistance | 
Max. 

25 million meg 

50 million meg 

100 million meg. | 


Min 


5 meg 
10 meg 
20 meg 


RESISTANCE Propucts Co. 


714 RACE STREET HARRISBURG, PENNA. 
MAKERS OF RESISTORS—HIGH MEGOHM, HIGH VOLTAGE, HIGH FREQUENCY, PRECISION WIRE WOUND 


Max. Voltage 
| 3,500 
| 7,500 
15,000 


Type | Length 
HBF 1 
HBM 1% 
HBR 3 























Ne, 


LAB DOLLY mops a 


with 8 power outlets (1500 watts, 110 VAC) 


and a 10 foot heavy duty extension cord. 


* Ball Bearing Swivel Rub- © Recommended by Lab 


ber Tired Casters oratories wherever 


used. 


. Price 49. 50 


FOB Louisville, Ky. 


® Constructed of Aluminum 


Features Shelves 


Equipment and a pan for 


© 31) ” high. 183" test leads, notebooks, etc. 


wide, 





27° long. 


TECHNICAL SERVICE CORP. 





1404 W. Market St. Louisville 3, Kentucky 








MOVING? 


If you are moving (or have moved), tell us about it, won't 
you? Your copies of NUCLEONICS will not follow you un- 
less we have your new address immediately. Make sure 
you don’t miss a single important issue . . . and help us 
make the correction as speedily as possible by giving us 
your old address, too 


NUCLEONICS 


Circulation Dept 


330 W. 42nd St., New York 36, N. Y. 








has built-in 
‘Standard Dyna vreatel 


outp uses separate pump 
Pump capacities are 
min at 1,725 rpm 


P-24 


Flow Detector 

Inc., Ashland, 
\-Flo is desig 
to changes or stoppages in the 


Mass. 


rned to sense 


The 


and 


Fenwal 
Detect- 
respond 
flow of air. 

1.000 


{ir-flow response is in the 


range 50,000) Ib/hr/ft? (4-180 


ft/see for standard au 


bast d On 


Operation Is 
the thermostatic principle, de- 
amount of heat con- 


pending on the 


lucted awav from the heat source by 

air. Contact action Is 
in expanding leg. Sensitiv- 

y is 0.25 ft/see at low flows and 1 ft 


higher flows. P-25 





* 


oe 
ent 


Electrophoresis Unit 


Microchemical Specialties Co., 1834 
University Ave., Berkeley 3, Calif. 


Chis paper electrophoresis unit is 


ation, identification 


juantitative determination In com- 


is such as mixtures of amino 


Vsten 
ste roids 


lipids 
oteins, [ p te 


Cal bohydrate s 


» ten analyses can 
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iltaneous|) Buffer cells 


Different length 


ipporting filter paper are 
nding on length 
stainless steel and one 
ised as electrodes in 
P-26 


Power Meter 


Polarad Electronics Corp., 100 Metro- 
politan Ave., Brooklyn 11,N.Y. This 


neasures rms power over 


( *' range ol d-e 


through 
the use of frequency- 
The in- 


self-contained 


eter mounts. 
omple tely 


ngle power probe for all 
meter is claimed to 
verload. Two power 
0-20 mw and 
power range may 
ugh the use of diree- 
fixed pads or variable 


(P-27 


ft 


any pressure without danger to the fila- 


ment. Gage cords up to 100 ft long 


may be used 


Line-Bridging Transformer 


Sierra Electronic Corp., 1050 Brittan 
Ave., San Carlos 2, Calif. The model 
122 line-bridging transformer, for con- 
verting voltmeters from single-ended 
to balance Input, is compensated sO 
readings are corrected for the trans- 


former's insertion loss. The trans- 
former is supplied for bridging meas- 
urements on systems of the following 
impedances: 122A 
model 122B, 500 ohms: and 
122C, 600 ohms 
core unit operates flat within 0.5 db 


from 15 ke to 500 ke p-29 


mode] 135 ohms; 
model 


Broad-band ferrite 


Forged-Steel Valve 
Hoppe Engineering Co., Inc., Greens- 
boro, Ind. This forged-steel 


construction valve, smaller than com- 


welded- 


parable cast-steel valves, is said to be 
85% lighter in weight; hydrostatic 
tests on 2-in. valves rate a cast-steel 
valve at 7,200 |b/in. 
steel valve at 60,000 Ib /in 
steel or Chrome Moly 
furnished in Class 5,000, 10,000, and 
15,000, with screwed or flanged ends, 
(P-30) 


and the forged- 
Stainless- 


valves can be 


in sizes ', to 10 in., inclusive. 


is the out 
standing in 


strument combination today for 
scintillation counting; precision 
built according to the finest 
engineering standards, assur 
ing you of the dependability 
and performance that only the 
best instruments can give 
Economy, quality and perform 
ance that are unsurpassed, are 
engineered into these out 
DETECTOLAB preci 


which are 


standing 
sion instruments 
now in use in laboratories and 
other institutions all over the 


country. 


=x 
Rs IR orn a Te 


DR-8 LINEAR AMPLIFIER 
* ORNL Al Amplifier Specifications 
* 3 Band Widths—2 mc, 5 mc, .1 


* 2% linearity $495.00 


* OR9-PREAMPLIFIER $135.00 


eo 
.O° 


DZ-15 SINGLE CHANNEL ANALYZER 

* Absolute Gating 

* Lower Gate—1! to 100 Volts 

* Gate Window 0 to 5 Volts 

* Highest Gate Stability 

* Undesired Pulse Cannot Brute 
Force Through 

* Exact ORNL Specifications 


°. 





DZ-16 PRECISION PULSER 


*5 Ranges, 1, 3, 10, 30, 100 me 
* Ranges divisible into 1000 parts 
* Rise Time Less than 10° 


* Precision Built 
$275.00 





Anq upd nod sjuawinsjsul dJuoaj2NU ssauly ays 4104 GnjO42e40p 


All above instruments are unconditionally 
guaranteed to meet or exceed the most 
exacting engineering standards 


Vacuum Gage 
National Research Corp., 70 Memo- 
rial Dr., Cambridge 42, Mass. The sy many recent engineering developments to 


516 Pirani vacuum gage oper- 


inge 1.0-0.001 mm Hg ORNL Model 
000 os if Inductors 

eliminates voltage ad- Boonton Radio Corp., Boonton, N. J. 
The type 590-A line of inductors are 


useful for measuring r-f characteristics 


Model DZ-18 improved 1954 Twenty 
Channel Differential Pulse Height Analyzer 


is the very latest design, incorporating 


insure greater stability and dependability 


of performance. Basic circuit identical to 


for further information write to 


detectolab, inc. 
6544 Sheridan Road 
Chicago 26, Illinois 


low -iImpedan e 
ing operation. Outgus- 


yn the pressure-range 





permits outgassing at of condensers, resistors, and insulating 


Wont more Information? Use post card Insert In this Issue. 
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McGRAW. 


whatever 
your 


publication needs... 
Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids 
Industrial Relations Literature Pro- 
cedural Guides Engineering 
Presentations — — — and any type of 
technical literature 


use our specialists in - 
WRITING... EDITING 
ILLUSTRATING . . . PRINTING 


McGRAW-HILL 


Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 


*Talk with our representative in Booth 126 
ot the IRE Show. 


20 \le to 


consist of a 


I over a 
Mi The 


high-Q coil mounted in a shield; spade 


range ol 
230 inductors 
eonnection to 


P-3 
“ol 


ire provided for 


ui terminals 


Signal Generator 

Southwestern Industrial Electronics 

Co., 2831 Post Oak Rd., Houstor 19, 

The model \IB-1 battery- 
Cillator, available with cali- 


( utput 


Texas. 
ittenuator and level 
Geophysical \Microvolte In- 
rated, can be used as a transduce! 
for field use, where it may be 
lor test purposes in place ol 
ition pickup. Both d-e and a-« 
ivallable, from O.1 volt to 
uutput impedances of 10-500 


requency range is 2-20,000 


Calibrated within 2¢ dis 


wl n the audio 


Gas-Filling Unit 
High Vacuum Equipment Corp., 349 
St., Hingham, Mass. This 


gl cuum gas-filling unit is designed 


Lincoln 
tinting air from mechanical and 

mblies, back filling with a 

an mert gas ina 

the assemblies 

placed In an electricall 
individually connected 
vacuum pumping SVSs- 
rough water-cooled exhaust 
In the « losing phases ol the «¢ \- 
he filled with 


eC ne oy 


en may 


se post cord 





Dependable 


low -COST 


KELEKET 


POCKET 
CHAMBERS 


personne ] 

exposure 
monitoring 
instruments 


K-700 Pocket 
(AEC 


Chamber 
= PIC-2E) 


For monitoring exposure to X-or 


radiation Completely 


gamma 


sealed, unit is unaffected by at 


mospheric conditions 20 mr 
4i” x }” dia 
A Charge-Reade 


range charged on 


K-43 


K-300 Slow Neutron 
Pocket Chamber 


(AEC =PIC-53) 


Measures exposure to slow or the 


ma neutrons Use for monitoring 


areas of source carrying containers 
» transit. Also to plot isodose ne 
ange. 43” x } jia 
K-430A Charge-Reader. 


Write FREE Bulletin! 


KELEKET instrument Division 


266-3 W. Fourth St., Covington, Ky 














4 Channel 


“s"., COINCIDENCE ANALYZER 


MODEL 553 


Sensitivity—5 
Resolving Time 
seconds 
Output Pulse 
Operation 3 cho 


Jence; the 


olt neg 
nels operate to * 


4th forms ant 


Delayed Coincidence—Provision 


> events the 3rd 


Is and the 
Ihe extreme 


ed coincidence ¢ 

I tope identificats 
Resolving times ar cK 
it delay networks an independent 
acte! mr ers > stabilized by 

y regulated B supply. 


Moriches, N. Y¥ 


$845.00 


co. 


F.O.B. Center 


NUCLEAR SPECIALTY 


Center Moriches, N. Y 
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he indicated 
e isolated from 


P-33 


lon-Exchange Resins 


Bio-Rad Laboratories, 800 Delaware 
St., Berkeley 9, Calif. Dowex ion- 
exchange resins, supplied by Dow 
Chemical ( sized and purified by 
and organic-sol- 

each bateh 

Oss linkage 

on and po- 

ttluble, with 

and CTOsS 

Caution e@x- 

io (amon 

-tvpe resins 

9.2 milliequiva- 

Dowex 50 to 3.0 


P-34 


INDUSTRY NOTES 


& Correction Radiation Detection 
Co., Stat Box 155, Palo Alto 
he Radiation Pro- 
Health and 
» firm, whose 
expects to 


cle In pro- 


® Technical Measurement Corp., Box 
O47, Ne Haven, Conn has pur- 
ting Assoc., Ine., 

rge R. Utting 

chief engineet 

ment Instru- 

factured by Utt- 


Technical 


LITERATURE AVAILABLE 


Power resistors. 


Polyethylene laboratory ware. 
| ( es innels, bottles, tub- 


Recording equipment. Catalog de- 
t rding equipment, ac- 
Cs kdin Co Tne. 


Worcester. Mass L-3 


Nucleonic equipment. Catalog de- 
letecting devices; counter-tube 
iecessories; protective, 

rting and handling equipment; 
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DEPOSITED CARBON 


MINIATURE POTENTIOMETERS 


GLASS SEALED HIGH VALUE WELMEGS 


VITREOUS ENAMEL COATED WIRE WOUND 


and Other Precision Product 


will be Shown and Demonstrated 


IRE Show 


March 1954 under typical working conditions 
312 | 
Computer Ave. ) 


ROCKBAR CORPORATION 
215 East 37th Street, New York 16, N. Y 


techniques 
ntense heat transfer applications 
research using high pressures 


and similar high performance engineering 


NUCLEAR DEVELOPMENT ASSOCIATES, INC. 
80 Grand Street, White Plains, New York 
WHite Plains 8-5800 


Please send me NDA Information Bookict N-1 
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RADIATION BIOLOGY 


Volume I—Just Out 


Explores fully the biological effects of radiation 


from the physical, chemical, ane 





the biolowical point of view, empha ne tl 

cytol netical ast ada 

damay and | i ni 

of ndirect lia 

tempe ‘ ff it 

natu three olu i tr 
Edited by 


1onmiz ine high-ener radiat 

Alexander Hollaender, Dir. of Biol. Div., Oak 
Ridge Nat. Lab. (In two parts, not sold sep 
arately.) 1201 pp., illustrated, $17.50 


PROBABILITY and 
INFORMATION 
THEORY with 
APPLICATIONS to 
RADAR 


Shows in easy stages how 











Just Out 


the theory of prob- 


ibility applies to electronic 

and particularly radar Usin ba math 
matic it discusses theory of probability d 
tribution, mathematical descriptiot f 1 
forms, Shannon information theor ipplica 


tions of inverse probability f 


ignal and noise, ete. By P 
Telecomm. Research Establishment, 
England, 128 pp., 20 illus., $4.50 


OPTICAL 
INSTRUMENTATION 


National Nuclear Energy Series 
Division |\V—Volume 8 
Just Out 
Contains a summary of the work done at the 
Manhattan District Pr ct i 


optical instrumentat 


o pr ' ‘ 
M. Woodward, 
Malvern, 








request of the 
the application of 





remote control handling of radioactive mat 
rials. Contains a survey of optica ind a 
ciated problems, and a pa 

enibing  imstrument constr pe 
magnifier bore cope coloration f optica 
materials; production of mirror et By 
George S. Monk, Consultant to Argonne Nat 
Lab., and W. H. McCorkle, Dir., Lab. Re- 


search Reactor Oper. Div., Argonne Nat. Lab. 
257 pp., illustrated, $3.75 


ye 











INSTRUMENT 
ENGINEERING 


Volume !i—Methods for Asso- 
ciating Mathematical Solutions 
with Common Forms 


Just Out 


The second in a three-volume set that brings 





you a full modern treatment of instrument 
theory. This volume reviews the mathematica 
background of several methods fo wsociatin 
olutions with descriptive forms and_ illustrate 
procedures by actual derivations of qu atiy 
results, It develops, in terms of nondimensional 
working variable the classical, Lap tral 


eighting function met 

differential 
Lees, and W. 
186 illus., 


form, and \y o 
quation By ¢ WwW 
McKay, all of MIT 


109 derivation summaries, 


ing ordinary 
Draper, 5 
127 pp., 
$15.00 








SEE THESE BOOKS 10 DAYS FREE 





McGraw-Hill Book Co., 330 W. 42nd St.. NYC 36 f 
Send me book checked bs ] 
examination on approval, In 1 d I 
| remit for book I keep. p t I 
livery, and return unwanted k D 
l We pay delivery if vou remit th th | 
pon me return priviles 
| Hollaende RADIATION y. V I l 
ee et | 
Woodward — pron & S Ml RY 
TH APPLICATIONS > $4 
I Monk & MeCorh ' l 
« 
| Draper, Lees, & McKay—insta. enon | 
Vol. IE S15. | 
| (Print) 
Name | 
Address 
| Rees toad 7 S | 
Company 664 696.89 . | 
| Position NI 
This offer applies to U.S. only i 


ee | 


96 


El-Tronics, [nv 


ind timing devices, 
i; thh and Noble Sts.. Philadel phi 

Pa L-4 
Complex plane analyzer. Bulletin 
describes theory of operation § of 


/ 


Technology Instrumen 
L-5 


250-A analyzer. 
Corp., 531 Main St., Acton, Mass. 


i 


Hydraulic controls. Bulletin 25 covers 
operation, characteristics of 44-in., sole- 
Pantez 


(L-6 


noid-controlled, t-way valves. 
Vfa Corp. Pawtucket. R. q; 


Properties of gold. This booklet is a 
reprint of ‘Analysis of Gold and Gold 
Alloy 

Techni 
i, &. 2 


Solutions” by E. A. Parker. 


Ine. 39 Snow St., Providence 
L-7 


Electricheatpump. Bulletin describes 


air-conditioning system. Westing- 
house Air Conditioning Div., Dept 
T-557, 200 Read ille St.. Ilyde Park 
Boston 36, Mass. (L-S 
Organic compounds. “Tales from 


dese! ibes 


the Alembie”’ 


nistories of 


humorously 
chemicals, 
Eastman Organic Chemicals Div., Dis- 
Products Industries, Rocheste A 
oe ge L-9 


some organic 


fillation 


Brochure A-4 RCS 


volt-ohm-milliammeters and 


Electric meters. 
describes 
volt-ohm-microammeters. Simpson 
klectric Co.. 


‘4, Il. 


St., Chi- 


(L-10) 


9200 W. Kinet 


cago 


Valve installations. Brochure con- 
tains instructions on proper installation 
of Jine-blind valves; instructions can be 
applied to gate, globe, and plug valves. 
Hamer Oil Tool Co., 2919 Gardenia Ave., 
Long Beach 6, Calif. (L-11) 


Pressure gages. Catalog gives infor- 


mation on gages, accessories, and 
gage engineering. Manning, Varwell 
& Moore. Ine.., Stratford, Conn. L-12) 


Liquid-level indicators. Bulletin 8-68 
describes indicator systems using ultra- 
Bogue Llectric Mfg. C'o.., 


Paterson, N. J. (L-13 


onic pulses. 


52 Towa Ave., 
Light-weight pipe. Bulletin 507 gives 
ipplications and specifications of 4-30 
in. lockseam spiral-weld pipe and fit- 
Vaulor Pipe Co., 1230 Ek. 92nd 
L-14) 


St... Chicago 19 Til. 


Power supplies. Five supplies for 
ltage regulation are described in bul- 
letin. Allied Eng. Div., Allied Inter- 


_ Connecticut and Richards 


Norwalk, L-15 


ul Ine 


Lee Sout) Conn. 


Pamphlet on 


method ol 


Magnetic recording. 
Airfloating”’ 
ording applicable to auto- 


describes 


ignetic rec 


ant more information? Use post card insert 


n this issue 








LEAD GLASS WINDOWS 
IN CONCRETE WALLS 


Hi-D Lead Glass Windows 
crete walls are dry, and hence are 


completely 


viewing problem is 
angle vision, Hi-D Glass is fully com- 
petitive in price with zinc bromide. 


LARGER SIZES NOW AVAILABLE 


a 


> 

















PENBERTHY’| 
INSTRUMENT CO. 


068 ADAMS ST. - SEATTAE 8, WASH. 


e * 
ia 


in con- 


Where the 
mainly wide- 


dependable. 


Send for circular GS-3A 








EQUIPMENT... 


eared to 
INDUSTRIAL 


& SCIENTIFIC Uses 


FREE 55th Annual Catalog 


96 Poges crammed 
with THOUSANDS of 
Newest Photo Tools, 


Cameras 


dio, 
Purpose 
Projectors, 

Equipment, 


(Press, 
Candid, 
etc.), Lenses 
Lighting 
Develop 


Stu- 
Special 


ing Equip., Enlargers 


etc., 
Professional 


Scientific or 


trial work 


for Amateur — 
in daily 


CAMERAS—of all types! Special pur- 


pose 


Photomicrography, Laboratory, NEW 


POLAROID LAND BACK, etc 
LENSES— World’s largest stock from 


3 


a to 72” 


— All speeds, and types, 


special Mounts, Lenskoting, etc 


LABORATORY EQUIPMENT — 





Stainless Steel Equipment, Dryers, etc 
Write TODAY to 





Burke « James, Inc. 


FINE PHOTOGRAPHIC EQUIPMENT SINCE 
321 S$. Webash Ave., 


1897 
Chicego 4, Illinois, U.S.A. 
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Loqgisti« S 
P ( Re dondo 
L-16 


pump care. Bulletin 755 
! ! rating, and 
lum systems. F. J. 
(o., 5500 Tabor Rad. 


0, Pa. (L-17) 


talline, ope 


This booklet provides 
dex to centril- 

ps Aurora 

(L-18) 

Phase-shift measurement. Labora- 
to Report No 
Phase 
Magnet 


7OO00-A Primary 


S contains the article 


Shift through a 


Amplifier Using 
Phase Stand- 
Corp., 
(L-19) 


logy Instrument 
Iclon. Vass. 
Refractory. Bulletin 226 describes re- 


sintering, annealing, melt- 
and heat-treating 
We ste rn Gold & Platinum 


189 Bryant St 


other 


San Franciso 7, 
(L-20 


Bulletin FS-230 
heated 
Fischer Scventi fu Ce... 717 


Pittsburgh 19, Pa (1-31) 


Laboratory ovens. 


ormly ovens tor 


OO” ¢ 


Process-control instruments. Catalog 


es flow meters, recorders, pres- 


tors, and sight-flow indica- 
& Porter Co., 924 Jack- 
Hatboro, Pa (L-22) 





WANTED: 





Editors for 


ELEOUICS 


---Need men with several | 
years experience in atomic| 
energy field 


---or recent graduates with | 
strong college nuclear back- 
ground 


Send resume, salary 


requirements to 


Editor NUCLEONICS 


330 West 42nd Street 
New York 36, N. Y. 





Vol. 12, No. 3 - March, 1954 


Want more information? 


For MAXIMUM ACCURACY 





in your liquid sample counting... 


R , 


s ‘Sewsinve WELL COUNTER 


Sturdy steel jacketed construction has 2” of lead 


which completely surrounds the counter. An adjustable 


lead-filled insert provides space for vari-sized 


sample bottles. A background of 150 to 200 counts 


per minute, gives sensitivity of 1000 counts per 


minute for one millimicrocurie of I 


Another in the 


131. 


RADIMAX* 


Series 


SC-12 Well crystal with 
LH-6 shield and SC-3 
Counter 

$715.00 complete 


WRITE FOR CATALOG AND PRICES 


Standord 
beta head 


*- GBD. 


Collimated 
medical head 


oe 


Standard 
gammeo head 


~ 
~ 
~ 


Fa 


Windowless 
planchet attachment 


Three position 
turret head 


NUCLEAR RESEARCH and DEVELOPMENT + 6425 Etzel Ave. + St. Louis 14, Mo. 





anew FAST) Scater 


0.1 Microsecond Resolution 
SPECIFICATIONS Model 410 


INPUT CIRCUIT: 
POLARITY: Positive pulses only. 
AMPLITUDE: Minimum amplitude of 5 
volts required at low counting rates, 
increasing to 10 volts minimum oat 
the moximum counting rote. 
REQUIRED RATE OF RISE: Minimum 
of 10 volts per msec. 
INPUT IMPEDANCE: Greoter than 5000 
ohms. 
RESOLVING TIME: 0.1 sec 
MAXIMUM ACCEPTABLE UNIFORM RATE: 
10mc or 107 counts/second, no 
lower limit on counting rate. 
SCALING FACTOR: Neon light interpo- 
lation for’ reading residual counts. 
OUTPUT: 

POLARITY: Positive or Negative pulse 
selected by front panel switch. 
PULSE CHARACTERISTICS: Triangulor 
pulse of approximately 1 gsec. rise 
time, 4 wsec. width and 50-60 volt 


omplitude 

POWER REQUIREMENTS: 105-125 volts, 
50-60 cycles, approximately 175 
watts. 


SIZE: 10-1/2” x 19” x 13” 
Complete literature on request 
ELECTRICAL & PHYSICAL 
INSTRUMENT CORP. 


42-19 27th Street, L.1.C. 1,N. ¥ 


deep 


Use post card insert in this issue 








WHERE 





TO ORDER-ANY QUANTITY 
Samples promptly submitted 
A complete Engineering and Mig. Service 
Will design and make | or 100,000 TRANS. 
FORMERS —Audio, Power, High Volt., et 
COUS—HF, Synchro, Spec. Purpose, etc 


Transformer Div.. TRANSVISION, INC. » NEW ROCHELLE. N.Y Ae 





SEARCHLIGHT 
bY tog gle], | 


(Classified Advertising) 
EMPLOYMENT 
EQUIPMENT USED OR 


OPPORTUNITIES 


BUSINESS 
RESALE 








ATTENTION MANUFACTURERS 
AGENTS 


Well established manufacturer of 
less steel tube fittings wants three high 
caliber men for protected 
Engineering or technical background es 
sential in promoting chemical, 
food processing, textile, nucleonics, etc 
industries. The men we want will work 
with and through selected distributors. 
Liberal commissions. Write, outlining per 
tinent business background, to 


RW 1740 Nucleonics 
520 N. Michigan Ave., Chicago 11, Ill 


stain 


territories. 


sales to 
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This index is published as a conven- 
ience to the readers. Every care is 
taken to make it accurate, but NU- 
CLEONICS assumes no responsibility 
for errors or omissions. 

















98 Wont more informa! ¢ i insert in this issue March, 1954 - NUCLEONICS 





ADDITIONAL HIGH VOLTAGE SUPPLIES 
FOR ATOMIC’S 1010 SERIES SCALERS 


AND SEPARATE H.V. SUPPLIES 





RECTIFIED D.C. 
cycle CONTINUOUSLY VARIABLE 
CHOICE OF RANGES 


2500 VOLT SUPPLY 
Range: 500-2500 v., continuously variable 
Maximum output: 1350 microamps. at 500 v., 190 micro- 
amps. at 2500 v. 
Load regulation: 0.4% at 500 v., 0.08% at 2500 v. 
Line regulation: 0.2% at 500 v., 0.04% at 2500 v.; for 
line variations from 105-125 v. 








Time delay to prevent overshoot when turned on 


5000 VOLT SUPPLY 


Maximum output: 700 microamps. at 1000 v., 100 micro- 
amps. at 5000 v. 


3000 VOLT R.F. SUPPLY also available 


FEATURES AVAILABLE IN THE 1010 SCALER SERIES 


CHOICE OF SCALING FACTORS — optional binary or dec- 
ade in all models; choice of scales: 100, 1000, 256 or 
ieee ats 4096. All have scale selecter switches for lower settings. 


INPUT SENSITIVITY — 1 mv. for scintillation and propor- 
tional counting (3 models), 0.25v. sensitivity for G-M counting 
(all models). 


PULSE HEIGHT DISCRIMINATOR — range: ~—50 to 


+ 100v. at discriminator input (available all models). 


PRESET TIME & PREDETERMINED COUNT — included 


in two models; provided for optional inclusion in four models. 


MODEL 1070A 

The MULTISCALER supplies in a single, fully auto- 
matic instrument a complete scaler for all types of 
nuclear research; G-M, scintillation or proportional 


REGISTER — choice of electrical or manual reset. These 
MODEL 1030A are a few of the optional modifications offered to ‘‘custom- 
Three scaling strips: binary scale of 4096 or decade ize'’ the seven models of the 10 10 Series to your specifi- 
scale of 1000 cations. For complete specifications on Atomic's 10 10 


Scaler Series, please request Bulletin 10-1. 


Watch for important announcement 
of new instruments! 


Visit ATOMIC at the I.R.E. Show 
BOOTH 323-325 
Computer Avenue 
March 22-25 Kingsbridge Armory 


For complete details on all Atomic 
Instruments, please request our Catalog 54-1. 








SALES REPRESENTATIVES 
H. E. RANSFORD CO. — 2601 Grant Bidg., Pittsburgh 19, Pa. 
W. A. BROWN & ASSOCIATES a ~ Alexandria, a 
Branch Offices — th th 
PACKARD INSTRUMENT CO. — P.O. Box 428, OR m. 
KITTLESON COMPANY — Los Angeles 46, Calif. 





ATOMIC= INSTRUMENT 
COMPANY 


84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. 





Branch Offices — San Francisco, Calif. — Albuquerque, N.M. 
RON MERRITT COMPANY — Seottie, Wash. 


Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, 
Count Rate Meters, Coincidence and Anticoincidence Instruments, 
Differential Pulse Height analyzers, Accessories. 


CANADIAN MARCONI CO. — Montreal, P.Q. 
Branch Offices — Toronto, Ont. —— Winnipeg, Man. — 
Vancouver, B.C. —— Halifax, N.S. 


Want more information? Use post card insert in this issue. 








THICKNESS REQUIRED FOR SHIELDING 


Mallory 1000 Metal... 


An Effective Answer for 
connanco warn omer narens | Hadioactive Shielding 
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INCHES OF THICKNESS REQUIRED TO 
REDUCE GAMMA RADIATION BY FACTOR OF 10 








MALLORY 1000 METAL 














Mallory 1000 Metal is a high-density, homogeneous 
alloy of tungsten, nickel and copper fabricated by 
t oon —- ar special powder metallurgy methods that make it 
especially well suited for use as an effective radiation 
shielding material. 











MEASURED X-RAYS ENERGY (MEV.) 








Recently, samples of Mallory 1000 were placed in the than lead when used as a shield for 100 MEV X-rays 

atomic pile at Oak Ridge, Tennessee, along with control from a Betatron. 

samples of pure tungsten, nickel-tungsten and copper- — j 
| © e PI All the tests run by our physicists, engineers and metal- 


tungsten. After being subjected to a high neutron flux lursists indicate Mallory 1008 to be suitable for use as 


density for four weeks, preliminary measurements indi- containers for radioactive isotope storage. It is also a 
cated two primary radiation products: tungsten (187) good shielding material for Betatron, Synchrotron and 
with a 24-hour half life and tungsten (185) with a 74-day Cvyelotron radiation. 


half life. Relative radiation intensity of the samples now, oe : ; : : 
' In addition to its superior absorption properties, Mallory 
several months after removal from the pile, represents a : , a ’ 

j : 1000 may be readily machined to complicated shapes, 
tolerable time of more than 8 hours at working distances ae . ‘ i 7 
within close tolerances and with excellent surface finish. 
of 3 inches. 


For complete information on Mallory 1000 Metal. write 
High voltage X-ray absorption tests have proved Mallory to Metals and Ceramics Division, P. R. Mallory & Co. 


1000 to have about 20°) better absorption properties Inc., Indianapolis, Indiana. 


Expect more...Get more from MALLorY 


Special Metals and Ceramics 





Serving Industry with These Products: d 

a . P.R.MALLORY & CO. inc 
Electromechanical—Resistors * Switches * Television Tuners © Vibrators 
Electrochemical — Capacitors * Rectifiers * Mercury Batteries 
Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


Want more information? Use post card insert in this issue 





